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Creative Imagination enabled Benjamin Franklin to 
orient.all the observed electrical phenomena to his own 
‘one fluid” theory—the basis of all our comprehension 
of electricity today. 

At National Co. creative imagination is continuing to 
broaden our comprehension of the physical universe 
and apply it to the realization of such new means of 


.communication as lonospheric scatter systems. 


O Barc tantedicectacelaweteremet eye) ectelen mem item iaumenactals 
of communication are vast. 


iE tateser- Um Grown cw: mere)enlonleraria me) menltereneetereme-t(oolemenr-t 
enjoys the challenge and the prestige of success in such 
advanced fields as multipath transmission, noise re- 
duction, corfelation techniques for signal processing, 
Tropospheric scatter systems, lonospheric scatter sys- 
tems, molecular beam techniques, long range micro- 


wave transmission, and missile check-out equipment 
using microwave and digital techniques. 


At National Co. there is balance—an outstanding line 
of commercial receivers and components keeps 
National Co.’s business steady. 


National Co. has grown with the Tradition of New 
England electronics. Your needs and problems receive 
exceptional attention at National Co. because, here, 


creativity is required, recognized and rewarded. 


Write or phone 


“too/¢ awe Negtionalsc 


National Company, Inc., Malden, Mass. 
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Economics of testing the reliability of hundreds of thousands of components 
for thousands of hours. 
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Ranges of performance attainable and some effective applications. 
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CONNECTORS 


with crimped, snap-locked contacts 











See more at 
1.R.E. Booths 3107-9 


Cutaway view of 


MINIATURE 
MS-type HYFEN 


with closed-entry sockets 


(enlarged) 


SNAP-LOCK contacts 
into plug or receptacle 


MATE with HYFEN or 
equivalent solder types 


CRIMP pins or sockets on wire L 


SAVE WEIGHT, SPACE, TIME — Burndy’s HYFEN method brings added Re- 
liability and Versatility to the connector field, allowing the design of lighter 
and more compact equipment...saving space, weight and time. Pins and 
Sockets can be bench-installed on the wire and can be snap-locked in place 
even after the Plug and Receptacle have been mounted on the equipment. 


Designed to replace or mate with virtually all existing connectors, including 
AN, MS, and other Miniature types, the HYFEN meets or exceeds MIL specs. 


The HYFEN method ends the high rejection rate inherent with the use of solder 
...especially important in today’s continuing trend toward miniaturization. 


OMATON DIVISION 


BURNDY 


For detailed information Write or Wire BURNDY, Norwalk, Connect., or Toronto, Canada.. 
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15 contact, multi-purpose 
connector. Mates with, or re- 
places existing solder con- 
nectors. 





Feed-thru, modular design, 
multiple insert connector. 35 
contact inserts, can be re- 
moved from frame for easy 
contact insertion or removal. 
5 or 8 insert frames available. 





AN-type HYFEN connector, 
showing HYFEN method 
adapted to round design. 


HYFEN types illustrated are 
typical of those already sup- 
plied to the Industry by 
Burndy. HYFEN connectors are 
engineered to meet specific 
requirements. For other types 
and sizes, contact Burndy. 


.in Europe: Antwerp, Belgium 
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when vibration is your problem 
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_..choose one of these reliable pickups 





CEC’s seismic-type transducers are recognized 
for their dependability in such applications 

as monitoring jet-engine vibration, missile static 
tests, and analysis of machine-tool vibration. 
Among the complete line are these 
representative types: 

4-102A_ For vibrations in the 8- to 700-cps range, 
amplitudes to 2 inches. Weighs 10 oz. Temperature 
range is 0° to 150°F. See Bulletin 1546-X4. 

4-118 Weighs less than 1.5 oz. Measures vibrations 
from 50 to 500 cps at amplitudes up to 0.12 inch. 
Usable from —65° to +500°F. Bulletin 1535-X29. 
4-123 Economical and rugged, with constant damping 
from —65° to +500°F. Omnidirectional, operates from 
45 to 2000 cps. Weighs only 4.25 oz. Bulletin 1596-X8. 
Call your nearest CEC sales and service office 
about these pickups, or write for the listed Bulletins 
and our new General Catalog, CEC 1308-X4. 


Transducer Division ‘ +—C 


CONSOLIDATED ELECTRODYNAMICS/300 n. sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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COST FACTORS 


IN HIGH RELIABILITY ASSURANCE 






by Dana A. Griffin 
Reliability Assurance Equipment} 
Division 
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COMPONENT PART PROCESSING PROGRAMS: ‘=: 


T he statistical approach to reliability predictions of system 
performance has clearly indicated that the reliability of 
electronic components in a complex system must be in- 
creased beyond current reliability levels by several orders 
of magnitude. In addition, simple mathematical calculations 
demonstrate the need for an enormous increase in the num- 
ber of parts that must be tested to prove that a given 
component part manufacturer’s product meets the accept- 
able reliability level (ARL) required by a given system’s 
reliability requirements. 

For many years an ARL of 1% was considered satisfac- 
tory as the majority of our military systems employed less 
than 1000 component parts with an early failure potential. 
Today, systems complexity has increased to the point 
where system reliability demands the attainment of a .1%, 
.01%, and even a .001% acceptable reliability level for com- 
ponent parts! This requirement automatically generates a 
need for facilities to test tens of thousands or hundreds of 
thousands of component parts simultaneously for 1000 hours 
or more, in turn calling for large, expensive test facilities 
and automatic high speed measuring devices which must 
operate at reliability levels unheard of a year or so ago. 

A testing facility that will make 15,000,000 measure- 
ments in 1000 hours without a single error is a breath-taking 
goal, if one considers all of the potential points of failure 
in a system capable of testing 500,000 parts simultaneously. 
The size of such facilities and their operational reliability 
requirements demand a substantial investment of capital 
to obtain the desired end result. The purpose of this article 
is the disclosure of other cost factors which should be in- 
cluded in the evaluation of these unique programs. 
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We are in the process of passing from one era into an- 
other, insofar as the responsibility for financing advances 
in component part reliability is concerned. For a generation 
these improvements have been financed, in the main, by 
the large volume requirements of the radio and television 
industries for low-cost components that will provide an 
ARL of approximately 1%. Further improvement, with the 
inevitable increase in price, bars any desire for higher-qual- 
ity components by this segment of the industry. 

Despite the natural reticence of the military services to 
underwrite the cost of producing a family of components 
one hundred to one thousand times as reliable as their com- 
mercial counterparts, major investments for production and 
testing facilities must be made by the military services. To 
do otherwise would deny the validity of the entire concept let us I 
of reliability prediction. A start on such programs is being’ Progré 
made in several areas, but there is some evidence that the!$%0,000/5 
services may not get their money’s worth because of the) In this « 
traditional tendency to trim proposed capital investmentsis chargeal 
for the necessary facilities by the brute force percentage'that by inc 
cutback method. inttoduce n 

It is easy to demonstrate that this is a “penny-wise,/c0ts subst: 
pound-folish” approach to the problem and that other cost 9.) 000/: 
factors deserve far more attention than the initial capital ~*~’ * 
investment for facilities. There is a significant difference In this « 
between a conventional quality assurance program and the/™iitten off 
high ARL programs now getting under way. In a convel- iples hay 
tional program involving at the most a few dozen parts,” betwe 
the services of a single engineer are required to perform/'h reliab 
all of the necessary operations. Programs with targets of falistic cost: 
.01% to .001% ARL create a huge component part handling" any pro 
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in which many thousands of parts must be as- 
into test features, disassembled and re-assembled 
times before they are permanently placed in a sub- 

y of a weapons system. 
We have then a “quality assurance” program that has 
into a major “manufacturing” operation. It requires 
(time and motion), material handling (process flow) 


spection, part identification, and includes several opera- 
bons not found on a conventional production line. Every one 
of these operations cost money and the cumulative total 
LMS f these operating costs represents a continuing expense 
f great magnitude, over a period of a year or more. It is 

extremely important therefore to look at operating expenses 


- ore carefully than the capital investment for facilities in 
; dva al-mrograms of this type. If the processing system designer is 
advances not handicapped by a limitation on capital expense, he can 
yeneration 


effect great savings in the overall cost of processing a given 


main, °Y quantity of parts through the system. 
— This can be demonstrated by use of the simple formula: 
- with the A/B + (C/B x T/L) = M Where: 
gher-qual-| 4 equals annual operating expense. 

B equals number of parts processed per year. 
ervices © ¢ equals capital investment for processing facilities. 
ponents: T equals one year. 
their com: L equals life of the facilities in years. 
ction and) equals unit processing cost for each part. 
rvices. To 


e concept Let us look at several examples on the basis of a one- 
s is being Program and a ten-year facility life expectancy. 
e that the!$500,000/500,000 +. ($1,000,000/5000,000 x 1/10) = $1.20 
ise of the) In this example, more than 80% of the processing cost 
vestmentsis chargeable to operating expense. Now, let us assume 
ercentage that by increasing the capital investment initially, we can 
intoduce more automation and reduce component-handling 
enny-Wise, ':0sts substantially. We have: 
ee $250,000/500,000 + ($1,250,000/500,000 x 1/10) = $0.75 
difference! In this example, the added capital investment can be 
m and thetitten off in the first year of operation! These two ex- 
a convel- iples have been cited to demonstrate the inter-relation- 
zen parts)“lp between operating costs and capital investment in 
o perform igh reliability component part processing programs. Re- 
targets offilstic costs can be determined by a careful cost analysis 
t handling} any proposed program. 
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OPERATING COSTS 

There are four major operating cost areas which have 
the greatest effect on overall costs. 

@ Power and/or fuel costs. 

e Assembly and handling labor. 

e Testing and Data Recording. 

e@ Data Reduction and Analysis. 


POWER COSTS 


Large-size installations can use more than 100 KW of 
electrical power continuously. This totals 876,000 KWH 
per year. Most of this energy is required to heat and cool 
environmental chambers. While an all-electric system is 
convenient, it is not necessarily the cheapest system to 
operate. 

A dual system employing hot air from a hot-air furnace 
for the major portion of the required heat with auxiliary 
electrical heat for vernier control can be more economical. 
The forced air circulation system can also aid in cooling 
the chambers to the ambient temperature, thus reducing 
the power requirements of the refrigeration system. 

Brine-cooling systems, or liquid CO. systems are more 
efficient and more reliable than the gas-compression sys- 
tems generally employed for environmental chamber cool- 
ing and cost considerably less. Large-scale installations re- 
quire a thorough analysis by industrial engineers to deter- 
mine the best compromise between capital investment and 
operating costs. Both can be minimized by adequate design. 


ASSEMBLY AND HANDLING LABOR 


The costs of temporary parts-mounting and _parts- 
handling are dictated to some extent by the requirements 
of the part-processing test specifications. 


HANDLING OPERATIONS 


Considerable savings can be effected by arranging the 
sequence of the tests to minimize assembly and handling 
labor. A loaded factory labor cost of two cents per assembly 
operation per part is conservative. We then have a cost 
per operation of $20,000 per million parts. One assembly 
and one disassembly operation are a minimum requirement, 
giving us a basic handling cost of $40,000 per million part. 

There are three ways that parts can be mounted for en- 
vironmental testing. The first method is to mount the parts 
on modules which may hold from 50 to 200 parts. The 
modules are then moved to various test positions and into 
and out of environmental chambers. The second method is 
to mount the parts on fixed modules in a module-transfer 
cart that can be moved in and out of the chambers. The 
third method is to mount the parts on expendable printed 
circuit modules, which require additional soldering and in- 
spection operations, and then transport these modules 
through the system. 

The first method requires a substantial increase in the 
capital investment and introduces additional contact closure 
problems. The second method is the best compromise, as 
the capital investment for part-mounting fixtures is the 
lowest and only the minimum handling costs (2 operations) 
are required. The second method has one limitation. Inas- 
much as the parts are connected to the test-switching sys- 
tem in the transfer cart, switch and wiring capacitance make 
it impossible to make high-frequency tests on the com- 
ponents when they are mounted in the cart. 

‘rhe test sequence must be arranged so that high-tre- 
quency tests are made before or after the parts are mounted 
in th transfer cart. This limitation also applies to the first 
and second methods, except that these methods envision 
transfer of a loaded module rather than individual parts. 
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MINIATURE PRECISION BEARINGS INC. 








Need More “Room” in 
Package Assembly 
Design? 













MPB special bearings 
integrated with shafts or 
housings are real space savers 
- » . reduce tolerance troubles 
as well as torque. Solve many 
other “‘package" problems. 
Details from MPB, Inc., 

1303 Precision Park, 

Keene, N. H. 













MB helps you perform miracles in miniaturization 
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Silicone Sponge Rubber 
flexible at temperatures — 100°F to 500°F 


COHRIastic R-10470 has a dense, uniform, non-absorbing closed 
cell structure, highly suitable for soft gasketing, vibration damp- 
ening, fairing strips, pads, cushions and other applications where 
resiliency at extreme temperatures is required. It may be bonded 
to metals, plastics, fabrics or silicone rubber. Possesses superior 
compression set resistance, excellent dielectric properties, immu- 
nity to aging, ozone and weather hardening. Available from stock 
in 24” x 24” sheets —1/16” through 1/2”. Special sizes and 
extruded shapes made to order. 


FREE SAMPLES and folder — write, phone or use inquiry service. 


CHR PRODUCTS: COHRiastic Aircraft Products — seals, coated fabrics, and 
ducts; COHRIastic Silicone Rubber Products — moldings and extrusions, 
sheets and sponge; Temp-R-Tape — pressure sensitive, thermal curing Teflon 
and silicone tapes; Allied Products — COHRlastic silicone cements and con- 
ductive gasketing. 


(GE) CONNECTICUT HARD RUBBER 


Main Office: New Haven 9, Connecticut 
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Use of these methods introduces additional problems 
module-handling, storage and identification of the module 

To recapitulate, method #1 will require an additio 
capital investment for re-useable modules in the neighbo 
hood of $100,000, plus a continuing maintenance expe 
for their repair. 

Method #2 requires a relatively low-cost automatic feg 
system to the high-frequency test set, if one is required 
the test procedure. 

Method #3 requires the use of 5000 expendable modul¢ 
per year at a cost of approximately $20.00 each (200 pa 
per module) for an operating expense of $100,000, ph 
the cost of at least 3 module-handling and _ identificatig 
operations. At a cost of $2.00 each, this represents an add 
tional operating expense of $30,000. 

We have then in an operation involving one high- 
quency test sequence and a series of DC tests the followin 


METHOD #1 


1. One loading and one unloading (individual parts) $ 40,00 
2. Three module transfer operations (15,000 @ $2.00) .... 30,0 
3. Plus added $100,000 capital cost for modules ........ 100, 


$170,0 





METHOD #2 j 
1. Three loading and unloading operations of individaul parts $ 60,0 
METHOD #3 

1. Loading 5000 expendable modules @ $20.00 ........ 

2. Three module transfer operations (15,000 @ $2.00) ... 30,0 












































$130,0 
TESTING AND DATA RECORDING 


In a program involving one million parts, ten sets of mea 
urements during a 1000-hour test period may be required 
If five tests are made on each part, we are confronted wi 





the task of making and recording 50,000,000 measurement 


a year. Two expensive classes of labor are involved in this 
operation: technicians and engineers. The measuring device 
must be fail-safe, the recording devices must be excep 
tionally reliable; and these two inseparable types of ap 
paratus must operate at very high speeds. Here, speed 0 


operation will determine the number of test sets require(! 


and the number of people required to operate them, assur- 
ing fully automatic operation. If human intervention is re 
quired, the number of people will increase very rapidly and 
the speed of operations will be drastically reduced. 

We must assume that a 3-shift, 7-day week operation is 
required where environmental tests are involved. This fur- 
ther enhances the importance of labor costs due to over 
time, premium weekend pay, etc. If we assume that tw 
fully automatic test set-data recorders are sufficient, tw¢ 
technicians per shift will be needed for a total of 312 man. 
weeks per year. At a loaded rate of $300 a week, we have 
an operating labor cost of $93,600 per year. 

If limitations are placed on the investment for test sets 
and data recording equipment which reduce its speed 0 
operation, or require action by an operator, the force 0 
technicians can easily double, triple. or quadruple. It be 
comes obvious that increasing the investment in test set 
and data recording systems from $50,000 to $150,000 wil 
be wholly justified in a one-year program where the num 
ber of technicians required per shift can be reduced by @ 
few as two technicians per shift. 


DATA REDUCTION AND ANALYSIS 

Two expensive classes of labor are required in these oper 

tions: technicians and mathematicians. Large numbers 

punched cards and various types of tape must be handh 

in this operation and the machines must operate at vel 
Continued on page’ 
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PROTECTING 
AVIONIC: j } y 
SYSTEMS ow sania 


protector of 


ROM * % doors to heaven 
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Expanding aircraft performance creates new problems in protect- 
ing electronic equipment under extreme altitude and ambient 
conditions. Eastern’s long experience in the field helps you to 
recommend electronic gear with confidence that performance will 
be reliable at temperatures from — 55°C to +55°C; from zero to 
over 70,000 feet. 


Cooling Units, with or without refrigeration cycles, provide safe 
operating temperature limits in electronic equipment. Pressuriza- 
tion Units that meet government specifications maintain proper 
Operating pressures at various altitudes, and utilize dehydrators 
that remove moisture and dust from ambient air. A program 

of research and development continually expands perform- 

ance ranges to provide customized units to meet your needs. 


When your problem is to make your electronic equipment 
perform efficiently under tough conditions, meet the challenge 
by asking Eastern for complete and creative engineering help 


Write for Eastern 
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"Miran * INDUSTRIES, INC. 
100 Skiff St. Hamden 14, Conn. 


Wes? Coast Office: 1608 Centinela Avenue — Inglewood 3, California — Phone ORegon 8-3958 
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Fenwal’s 
NEW 


Hermetically 
Sealed 


Miniature THERMOSWITCH Unit 


Temperature-Sensitive to Less Than 1°F. 





562 
MAX. 
=e ® 


Shown actua! size 











Small, sensitive, rugged — Fenwal’s new THERMOSWITCH 
unit is 1/3 the size of a sugar cube, weighs less than 1/3 0z.... 
responds instantly, accurately to minute temperature changes 
... withstands extreme vibration (500 eps with 10G accelera- 
tion). Hermetically sealed, too, yet field adjustable. 

This new Fenwal THERMOSWITCH unit is ideal wherever 
space is at a premium, where there must be temperature sensi- 
tivity under the most difficult conditions. It’s tiny, tough and 
sensitive. Typical applications include crystal and transistor 
ovens, missile batteries, airborne and electronic instruments, 
and small industrial machinery. 

For further information about this amazing new Fenwal 
THERMOSWITCH unit and other Fenwal temperature controls, 
write to Fenwal Incorporated, 103 Pleasant Street, Ashland, 
Massachusetts. 


Controls Temperature 
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COMPONENTS DESIGN 


high speed without error. Flexibility is also important ag } 
several types of analysis will be needed. 

Here again, the number of people required will depend 
to a large extent on the speed and degree of automatic 
operation that the data reduction machines afford. An in- 
vestment for high-speed equipment will eliminate a need 
for 3-shift operation and thus effect a large reduction in 
operating costs. If two technicians are required on a single- 
shift basis, operating costs can be dropped from $93,600 
per year (3 shifts) to $30,200—a net saving of $63,400 per 
year. 

Operating flexibility and speed can also reduce labor 
costs in the area of data analysis. Loaded labor rates per 
man can run in excess of $15,000 per year in this area of 
activity. 





CONCLUSION 


Continuing programs for large-scale equipment processing 
will be required as long as there is a need for parts that 
meet acceptable reliability levels of 0.1% or more. Even if 
capital investments for facilities are written off in five years, 
operating expenses are the predominant factor in overall 
costs per processed component. They become even more 
important if a realistic equipment life expectancy of ten 
years is used in determining costs. 

The number and type of assembly and handling opera. 
tions, plus the speed and degree of automatic operation of 
the test equipment, data recording and data reduction ma- | 
chines are the major factors that must be considered. 

They can be minimized by sound processing system | 
design, when arbitrary limitations are not placed on the | 
capital investment for the facilities required to meet the 
test specifications. 

For a brochure on equipment for component reliability testing: 
Circle No. 79 on Inquiry Card | 








Epoxy-Coated Precision Film Resistor 


New epoxy-coated precision film N-Style resistor, produced 
in % and % watt sizes, provides excellent insulation and 
moisture resistance and is expected to have wide applica- 
tion in transistorized circuitry. Price will be competitive | 
with molded, deposited carbon units. Both resistors are | 
dip-coated with a new epoxy, developed to provide moisture 
resistance and insulation surpassing requirements of the 
military specification. The coating will withstand chlorinated 
hydrocarbon solvents used in cleaning flux from printed 
circuit boards. Corning Glass Works, Corning, New York. 


Circle No. 158 on Inquiry Card 


Light-Sensing Photo-Duo-Diode 


A new subminiature light-sensing photo-duo-diode is 
claimed to have sensitivity on the order of four times that 
of any other photosensitive unit. The single-ended glass 
case measures 0.500 inch by 0.085 inch in diameter. A 
minute glass lens is located at the end opposite the leads. 
Known as the 1N2175, the new N-P-N diode passes up to 
1200 foot-candles of light. In darkness, the 1N2175 will 
pass less than 0.5 microamps. Dissipation is rated at 250 
milliwatts at 25C and any biasing voltage up to 50 volts 
will operate the device. It will operate equally well on 
either alternating or direct current, and is derated to 125€ 
with a minimum operating temperature of —55C. Texas 
Instruments, Inc., Dallas, Texas. 
Circle No. 202 on Inquiry Card 
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CONTROLLABLE INDUCTOR 
CHARACTERISTICS 


Ranges of Performance Attainable 


Equipment designers are finding more 
and more applications for controllable 
inductors where such things as rapid 
response, remote control, complete flexi- 
bility of control characteristics, or large 
inductance range with absence of mov- 
ing parts are desired. The applications 
are limited only by the ingenuity of the 
designers. 

Here is an up to date account of 
these devices based on information ob- 
tained from H. F. Spirer, Assistant 
Chief Engineer at CGS Laboratories, 
Inc. We asked him: 

How are controllable inductors 
made? What are the ranges of their 
important performance characteristics? 
What are some of their most effective 
applications? 


CONSTRUCTION 


To make a controllable inductor you 
first wind a coil, called the signal wind- 
ing, on a toroidal core of ferritic or 
powdered iron material, which has a 
permeability several times greater than 
air. The core, of course, increases the 
inductance of the coil for a given num- 
ber of turns. You then wind another 
coil called the control winding on this 
same toroid. Now by passing a direct 
current through the control winding 
you can change the signal inductance. 
The direct current sets up a flux in the 
toroid, changing its permeability. Since 
the signal winding is wound on the 
same toroid, its inductance changes in 
proportion to this incremental permea- 
bility. 

You have now made a very useful 
controllable inductor. If you want to 
sweep an oscillator, you can connect 
the signal winding in place of the tank 
inductance and put an appropriate saw- 
tooth current in the control winding. 

A third winding, called the bias 
winding, is sometimes an advantage. It 
acts as a junior control winding for use 
in setting an operating inductance, or 
in dual control: schemes where both 
the control and bias windings may per- 
form independent control functions. For 
some applications you can use a perma- 
nent magnet to obtain the bias control 
field. 

Inductance change ratio is an impor- 
tant concept in dealing with these units. 
It is a measure of how much change of 
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Lower Frequency Units 


FIG. 1. Typical Core Configurations 


signal inductance can be effected by 
going from near zero control current to 
the saturated state of the core. Induc- 
tance change ratio generally refers to 
the ratio of some starting inductance 
which will be large, to the saturated 
inductance which, in general, will be 
rather small. 

Before any appreciable field has 
been applied to the controllable induc- 
tor, its ferromagnetic core is in a “vir- 
gin” state, a state it will never again be 
in after the field is applied. If you ap- 
ply a d-c field to the point of saturating 
the controllable inductor and then re- 
duce this field to zero by reducing the 
current to zero, the inductance will be 
at the state called, “residual”, because 
some residual flux will be left in the 
core. The residual inductance is less 
than virgin inductance because the d-c 
field reduces the permeability of the 
core. 

Residual is a poorly defined state. 
One unit may be in a residual state as 
a result of applying one hundred mils 
control current and another as a result 
of two hundred mils. To simply say 
“residual” has little meaning. Specify- 
ing the saturation current is also insuffi- 
cient because residual flux left in the 
material is a function of how the con- 
trol current is varied. For example, 
residual inductance changes when the 
control current is recycled. 

To use a standard starting point, en- 
gineers generally rate a controllable in- 
ductor by the demagnetized signal in- 
ductance. Demagnetization is achieved 
by putting a saturating alternating cur- 
rent through the control winding and 
reducing the amplitude of this current 
slowly down to zero. In most cases, 
when engineers talk of inductance 
change ratio they mean the ratios of 
demagnetized to saturated inductance. 


RANGES OF CHARACTERISTICS 


The ranges of important characteristics 
that have been realized in practical 
controllable inductors are very broad. 
Units have been constructed with start- 


ing signal inductances from 0.01 uhys 
to 10 hys, and have been used at 
frequencies to 500 Mc. 

The largest inductance ranges, 400 
to 1, are obtained with units useful at 
audio frequencies. As the frequency 
of operation is increased, the available 
inductance range decreases as a result 
of core-material and _stray-parameter 
limitations. However, standard units 
now in production give inductance 
ranges of 3:1 around 300 Mc. Labora- 
tory units have been made with 4:1 
inductance range around 400 Mc. 

Starting Q, another important signal 
parameter, is around 80 to 120 at low 
audio frequencies and tends to rise as 
the frequency increases to about 250. 
It then drops to the order of 5 to 10 
at 400 megacycles. In using the con- 
trollable inductor, keep in mind that 
the Q is not simply a function of start- 
ing frequency, but also varies with 
signal inductance and applied fre- 
quency. For large signals it is also 
possible that signal amplitude will af- 
fect Q. Plots of the surface formed 
by Q in inductance-frequency space, 
called Q maps, are useful in design 
(See figure 2). 

Some general principles can be used 
as a rough guide to Q variations. At 
low frequencies, because the series 
copper losses predominate, Q will in 
general drop as frequency of operation 
is increased by increasing control cur- 
rent. At fairly high frequencies—above 
80 megacycles—core losses predomi- 
nate. The effect of these losses is to 
make Q rise with frequency and 
increasing control current. A_ typical 
variation of Q with frequency in the 
100 to 150 megacycle range will be 
from 25 at 100 megacycles to 130 at 
150 megacycles. 

Control power required to obtain the 
inductance ranges previously stated is 
around 1/100 to 10 watts. Less range 
can be had with expenditure of less 
power. The controllable inductor, be- 
ing a current sensitive device is gen- 
erally controlled from a current source, 
ranging from 10 to 150 mils. Typical 
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control resistances are 100 to 1500 
ohms. Control inductances have varied 
from less than 100 millihenries to 100 
henries. Wherever control inductance o ae 2 r 
becomes a problem, it can be reduced eo 

by increasing the number of turns 
' thereby increasing the control current 


required. 4 
Temperature coefficient of a control- 


| lable inductor depends on the charac- 
teristics and configuration of the core 
material and signal winding character- 
istics. Most controllable inductors have 























larger temperature coefficients than do 
linear components. In many control- 
lable inductors the temperature coeffi- 
” | cient is a function of the state of satu- 
| ration. The temperature coefficient of aASCa 
inductance will go from a negative mosounc 
uhys value to a positive value as the control 
ed at current is increased. Obviosuly, the best 
quiescent point to operate the unit is 
, 400 where the temperature coefficient 
ful at passes through zero. Knowledge of | 
uency | this characteristic can help in obtain- | 
ilable ing the minimum possible temperature 
result coefficient. Typical values of tempera- 
meter ture coefficient are from 0.01% to 2% pa lip 
units per degree C change in inductance. i Transistorized @ Transformer Cased Lab Model @ Basic Price plus $60 
tance Fortunately, the characteristics are | *%6 x 3% x 4% © Basic Price: $64 to $127 
ibora- uniform in controllable inductors of 
h 4:1 the same type. 
3 If we build a controllable inductor 
signal in the manner described earlier, it will 
t low | have transformer characteristics. Al- 
ise as ternating current present in the signal 
250. winding will produce ac in the control 
to 10 | winding. For this reason we very rarely | =m 
-con- | build controllable inductors that simply. | 
| that Instead, the signal winding is balanced | 
start- with respect to the control winding so | Rack Mounted ®@ Basic Price plus $50 
with | that the coupling between them is 
fre- greatly reduced. Coupling can be kept | 
also below —40 db; units have been built | MINISOURCE Power Supplies INPUT: 105—125 V AC 
ll af- where it is below —60 db. " 
1 pie ae 100% SERVICEABLE REGULATION: better than 0.5% 
— The distributed capacitance of the RIPPLE: b 
pace, signal winding, which depends greatl No Pottin ay Mink: O57, 
, gna g, which depends greatly g 
lesign on the nature of the signal winding, | Printed Circuit Design bay a ene than 
varies from over 60uuf at audio fre- Accessible Components a . 
used quencies to less than 1 wef for units | — Full Wave Bridge POLARITY: grounded or floating 
s. At useful at VHF. Flexible E&l Ratings a 
ak Power handling capabilities of the Standard units from 5 to ae, ane 
wri signal windings of controllable induc- 50 volts at currents from PRICE RANGE: Indicated below 
pe tors reach hundreds of watts. | to 500 ma or units ak a 
Pico Speed of response is primarily lim- esigned and built to 
mat ited by the control winding. Circuits | customer specifications. Send for complete catalogue 
1 have been made with speed of re- 
onl sponse measured in microseconds. To 
ical obtain short response times, reduce the 
number of turns on the control wind- | 
. the ‘ : ; 
I be ing. This reduces the control induc- | 
30 at tance and increases the control current | 
required. The control winding should | 
the be driven from a constant current | 
, source. | 
ed is . ; 
; Like all ferro-magnetic devices, con- | 
ange 


on trollable inductors have hysteresis. The 
he- amount of error in frequency resulting | 
, from hysteresis varies from % to 10%; 





en- ‘ . ; ; : 
= varying both with unit and with point 
vical at which it is measured. 
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LOCTITE 
secures 98 studs 
against vibration 


Pei 





‘ 4 rea Abia 
Locking studs with Loctite Liquid 
Sealant in transmission unit of 

jet aircraft starter. 


Cast aluminum gear cases for jet air- 
craft starters are machined and assem- 
bled at The Black Rock Manufacturing 
Company, successor to Reed-Prentice 
Corp., Bridgeport, Connecticut. The 
98 studs used in the unit are treated 
with LocTITE Sealant to secure them 
against vibration. The jet starter units 
receive an input of 2500 rpm and de- 
velop output of 5000 rpm to each of 
three flexible shaft connections. Loc- 
TITE was selected for this application 
since it provides a greater prevailing 
torque than any mechanical locking de- 
vice. The locking strength of LocTITE 
is not affected by the wide temperature 
ranges the unit encounters in arctic to 
tropic operation. 


Stud thread is hand- 
dipped in shallow 
tray of Loctite, then 
positioned in casting 
for tightening. Three 
sizes of steel studs are 
used: 4"-20, 5%”- 18 
and *%”"-16. 







Two %"-14 thread 
inserts are treated 
with Loctite to lock 
and seal in casting. 
The inserts provide 
non-abrading 
threads for remova- 
ble oil-drain plug. 


LocTiTE Sealant is a thin liquid that 
hardens into a tough heat and oil-resis- 
tant plastic bond when confined be- 
tween closely fitting metal parts. No 
amount of vibration will shake loose a 
LocTITE treated threaded fastener, yet 
ordinary tools may be used 
to remove the part. LOCTITE 
is used to hold bearings, 
bushings, or hardened sleeves 
to shafts without press fit; 
seals joints against high pres- 
sure fluids. Write for litera- 
ture and free sample. 


LOGTIUTE sescant 


AMERICAN SEALANTS COMPANY 
109 Woodbine St., Hartford 6, Conn. 
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Temperature Characteristics 


FIG. 2. Typical Characteristics, Low Frequency Controllable Inductor 


Hysteresis and temperature are seri- 
ous problems; yet they are the ones 
most easily and most commonly over- 
come. Either temperature coefficient 
or hysteresis effect can be reduced by 
selection of a suitable operating point. 
Hysteresis is less at near zero or maxi- 
mum control current. Some units can 
be operated near the zero temperature 


| coefficient region. In addition, many 
_ tricks of circuitry can be used to elimi- 


nate hysteresis and temperature effects. 


APPLICATIONS 

A very frequent application of con- 
trollable inductors is in panoramic re- 
ceivers in which LO and RF are both 
swept in synchronism across the band 
to be surveyed. Receivers of this type 
are practical for frequencies from 
audio to 400 Mc. Typical ranges cov- 
ered by such receivers are 25 to 80 
megacycles, 100 to 160 megacycles, 
130 to 200 megacycles and 200 to 333 
Mc. 
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THOMAS A. 


EDISON 


Servo Motor-Generators 
are designed specifically 


for your systems 


Edison Servo Motor-Generators are available with any type or size gear head or gear train. 


Unlike ordinary “off-the-shelf” components, Edison 
Servo Motor-Generators are designed specifically to 
operate as part of an electro-mechanical system. 


For example, their motor sections are built to have 
minimum time constants and reversing times. To in- 
sure precise coupling with mating gear trains, output 
pinions are fabricated to better than AGMA standards. 
Damping constants, from unit to unit, are held to 
very close tolerances. 


In addition to these special system features, Edison 
Servo Motor-Generators are made to the highest 


Thomas A. Edison Industries 


68 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON ENGINEERING OFFICES ARE LOCATED IN: WASHINGTON—BALTIMORE; CHICAGO 


applications 









quality standards. They outperform MIL-S-17087 
(for motors) and MIL-S-17806 (for generators). 


Edison engineers provide you with the exact servo 
motor-generator your system calls for—not a cata- 
loged component that will only approximate your 
needs. For this reason, they will work closely with you 
in developing components that will assure you of 
the best system performance. 


For additional information on Edison Servo Motors, 
Motor-Generators and other rotary components, write 
for Catalog 3044. 


INSTRUMENT DIVISION 
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Another application of controllable 
inductors is as antenna switches (to 
connect or disconnect a receiver from 
an antenna, to connect a transmitter 
and receiver alternately to an antenna, 
or to alternately connect different re- 
ceivers to one antenna) where switch- 
ing has to be performed rapidly. Such 
a switch has been made with more 
than 40 db attenuation in the off posi- 
tion, a transmission loss of less than 
% db in the on position, and switching 
rate of 2800 cps. Considerable increase 
in switching rate is feasible. The 
switch is a low pass filter in which the 
inductive elements are all controllable 
inductors. It is designed so that, when 
the controllable inductors are saturated 
and therefore have minimum induc- 
tance, the cut-off frequency of the 
filter is higher than the highest fre- 
quency to be transmitted. When the 
controllable inductors are not  satu- 
rated, their inductance rises and the 
cut-off frequency of the filter drops 
below the lowest frequency of the de- 
sired transmission band. These devices 
have been used for receiver-transmit- 
ter switching to a single antenna with 
transmission powers in the order of 
over 100 watts and a receiver sensi- 
tive to 0.2 micro-micro-watts. 

The controllable inductor is espe- 
cially well suited for use in sweep gen- 
erators. A typical sweep generator of 
this type is commonly available in kit 
form. The controllable inductor is re- 
sponsible for the low cost of such kits. 
The typical oscillator has 4 or 5 
bands, from 0.5 to 200 Mc., obtained 
by using separate cores with a trans- 
former iron yoke carrying the control 
winding. Typical sweep ranges are 
4-10 Mc, 10-30 Mc, 30-80 Me and 
80-220 Mc. The oscillator is amplitude 
controlled, delivers one tenth of a 
volt to a 50 ohm load, and is swept 
at line frequency rate. 

Controllable inductors have been 
used for frequency modulation, espe- 
cially in telemetering where space is 
a tight requirement and extremes of 
temperature are likely. Often the ef- 
fect of temperature is reduced by put- 
ting a thermostatically controlled heat- 
er in the controllable inductor can. In 
most cases this does not change the 
can size and greatly reduces the effect 
of ambient temperature variation. 

Controllable inductors have also been 
used as the variable inductor in analog 
computers. They have been used in 
antenna tuning elements. Filters with 
variable bandpass and/or center fre- 
quency and variable delay lines have 
been constructed using controllable 
inductors. 


Circle 95 on Inquiry Card 
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Slippery Tables 


Oil film horizontal vibration tables vir- 
tually eliminate vertical cross talk and 
reduce horizontal cross talk to less 
than 10% in typical vibration tests. 
The unit consists basically of a 5000- 
pound block of steel, 36 inches square, 
whose top surface is  Blanchard- 
ground to at least a 32 finish and hard 
chrome plated. The steel block is 
mounted on three leveling pads, equi- 
distant from its center of gravity, over 
a 12-inch deep tank which collects 
the oil as it drains from the top sur- 
face. Test specimens are mounted on 
magnesium slip plates which are fab- 
ricated to suit the configurations of 
individual specimens. Lower surfaces 
of the slip plates have finishes equiva- 
lent to that of table top. Mantec Div. 
of Wylie Mfg. Co., El Segundo, Calif. 


Circle No. 248 on Inquiry Card 


Low Temperature 
Environmental Test Chamber 


Low temperature environmental test 
chamber, important for space and mis- 
sile research where conditions of ex- 
treme cold must be simulated, pro- 
vides 13 cubic feet of testing volume 
and automatically maintains internal 
temperature at any level in the range 
from +32 F to —260 F. Gas machine 
produces refrigeration and a_ circu- 
lating air stream accomplishes cold 
transfer from the machine header to 
the test chamber. The new Norelco 
liquid nitrogen generator occupies only 
20 in. by 72 in. of floor space and 
is only 78 in. high. Instruments Div., 
Philips Electronics, Inc., Mount Ver- 
non, New York. 


Circle No. 247 on Inquiry Card 


Precision Crystal Oven 


Embodying the same proportional con- 
trol features as earlier change-of-state 
models, new oven offers significant ad- 
vantages over conventional thermostat 
ovens. Of particular note are low 
power consumption, no noise genera- 
tion, constant lead capacity, long term 
stability, and cavity temperature varia- 
tion less than 0.01 C average per de- 
gree ambient temperature change. 
Applications include equipment using 
crystal oscillator circuits such as com- 
puters, frequency standards, and mark- 
er circuits for radar and precision 
test equipment, or temperature sensi- 
tive components such as zener diodes, 
thermocouple reference junctions and 
transistorized oscillator circuits. Rob- 
ertshaw-Fulton Controls Company, 
Richmond, Virginia. 


Circle 245 on Inquiry Card 


WORTH FILING 


Heaters and Devices Catalog 


52-page heaters and devices catalog 


discusses many aspects of heating, 

e “New product” information: pipe 
heaters, thermostatically controlled im- 
mersion heaters, l-inch diameter water 
immersion heaters, domestic water 
heater replacement elements, new rat- 
ings and configurations of tubular 
heaters and many others. 

e 10-page power requirements section 
describes heating processes. Typical 
application problems are solved to give 
heating requirements in short-form 
method. 

¢ Up-to-date data, specifications and 
operating information on _ standard 
General Electric heaters and_ heating 
devices: immersion, strip, cartridge, 
tubular, firmed tubular and _ railroad 
switch heaters, soldering irons, soft 
metal melting pots, oven equipment 
and controls. 


Source: General Electric Company 
Schenectady, New York 


For your copy: Circle No. 209 on Inquiry Card 


WORTH FILING 


Automatic Synchro and 
Resolver Bridges 


Resistive bridges, mechanized through 
use of a rotary solenoid, step to a new 
test point in response to an external 
pulse, reducing operator fatigue and in- 
creasing testing speed. Designed for 





panel mounting, the new bridge may | 


be substituted into existing manual test 
equipment. Technical bulletin de- 
scribes theory and application of the 
bridge. 

Source: Theta Instrument Corp. 


East Paterson, New Jersey 
For your copy: Circle No. 170 on Inquiry Card 


WORTH FILING 
Vibration Manual 


The “Vibration Manual for Engineers’, 
2nd edition, a Navy publication con- 
taining formulas useful to design engi- 


neers in minimizing mechanical vibra- | 


tion difficulties, is available through the 
Office of Technical Services, U. S. De- 
partment of Commerce. The manual 
was prepared by the Structural Divi- 
sion of the Navy’s David Taylor Model 
Basin. It is a revision of an earlier 


manual with the same title issued in | 


1944. Most formulas conform with a 
notation based on the inch-pound-sec- 
ond system of units. They are presented 
in case form and are illustrated and ex- 
plained. The manual contains 32 pages 
and price is $1.00. 


Source: U. S. Dept. of Commerce 
Washington 25, D. C. 


ELECTROMECHANICAL DESIGN 








To p 
ing 
ingl 
SIL 
hear 


tran 
reac 


MA 


MAR 


catalog | 
ing, 
n: pipe 
led im- 
er water 
water 
new rat- 
tubular 


S section 
Typical 
1 to give 
10rt-form 


ons and 
standard 

heating 
‘artridge, 

railroad 
ms, soft 
juipment 


juiry Card 


through 
oO a new 
external 
> and in- 
ned for | 
lge may 
1ual test 
tin de- 
1 of the 


juiry Card 


gineers’, 
ion con- 
gn engi- 
1 vibra- 
ugh the 
I. S. De- 
manual 
‘al Divi- 
r Model 

earlier 


ssued in | 


with a 
und-sec- 
resented 


and ex- | 
2 pages | 


...how to prevent heart failure at 1,500 m. p.h. 


To perfect escape from supersonic aircraft, Coleman Engineer- 
ing Company, Inc., has created Hurricane Sam, an amaz- 
ingly real 6-ft., 180-lb. ‘‘man’’. Internally,a YARDNEY 
SILVERCEL® Battery—a power pack smaller than a human 
heart—runs strain gauges, accelerometers and a telemetering 
transmitter, that measure and transmit his almost-human 
reactions when ejected from a sled traveling at 1,500 m. p. h. 


ey 
iS A YARDNEY 


In this dramatic application, where reduced 
size and weight, and increased power were 
prime factors, only YARDNEY SILVERCEL® 
Batteries could have been used. Up to 5 times smaller 
and 6 times lighter than any other battery of equal 
capacity, it offers the designer of electrical equipment 


Write for complete technical data today. 


on Utah’s Hurricane Mesa. Throughout the high acceleration, 
supersonic travel, ejection and parachute fall to the valley 
floor 1500 feet below the mesa, Sam’s YARDNEY 
SILVERCEL® Battery heart must continue to power vital 
instruments to provide those necessary answers that will 
mean survival for human flyers under actual emergency 
conditions. 


x44 HURRICANE SAM’S HEART 


SILVERCEL” BATTERY! 


many new opportunities for imaginative application. 
There is a wide variety of standard YARDNEY 
SILVERCEL® Batteries for such applications as remote- 
control work, communications equipment, portable power 
supplies, telemetering and instrumentation, as well as 
custom-built batteries for particular requirements. 


YARDNEY ELECTRIC CORP /” * Patents granted and 


‘Pioneers in Compact Power’’ * 


40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


Visit Us at The IRE Show—BOOTH #2127 
MANUFACTURERS OF YARDNEY 


Copyright 1958 
Yardney Electric Corp. 


*Trade Mark 


SILVERCEL®, YARDNEY SILCAD” AND YARDNEY ARCTIC’ BATTERIES 
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POTENTIOMETER SPECS 
FOR SEVERE ENVIRONMENTS 


George Mucher, 
Executive Vice President 
Clarostat Mfg. Co., Inc. 


As with practically all components 
of modern military systems, reliability 
requirements for the precision poten- 
tiometer have become markedly more 
severe in recent years. Because of the 
importance of its function, and _ its 
widespread application as one of the 
most flexible of the precision com- 
ponents used in modern control and 
computer systems, the precision po- 
tentiometer necessarily bears the brunt 
of the vastly increased emphasis on 
reliability. Units of accuracies com- 
parable to the laboratory secondary 
standards of only a decade ago must 
now maintain their built-in precision 
over the temperature, shock, and vi- 
bration extremes called for in new 
space applications. To top it off, 
nuclear radiation, which has a notori- 
ous way of deteriorating certain criti- 
cal materials, has introduced a com- 
pletely new set of problems. 

Unfortunately, the very adaptability 
of the precision potentiometer to di- 
verse applications has slowed down 
attempts at standardization, both in 
terms of performance, and environ- 
mental requirements. The few speci- 
fications available never seem entirely 
suitable for a specfic severe applica- 
tion. The usual procedure is for the 
project engineer to synthesize his own 
specifications by referencing selected 
paragraphs of existing “standard” spe- 
cification, adding the particular re- 
quirements appropriate to his own ap- 
plication, to prepare a “composite” 
component specification against which 
he can place his purchase order. 

A precision potentiometer is a com- 
plex device to specify completely. You 
have to be a specialist to prepare a 
really good specification with no more 
than a few loop holes. With more 
specialized potentiometer types, such 
as metal or carbon film units, for ex- 
ample, even the experienced specifi- 
cation writer may encounter items 
(granularity, and severe limitations on 
wiper current, such as to prevent an 
ohmmeter check, for example) that are 
new to him. In such instances, a pro- 
gram of self-education should supple- 
ment the usual negotiations with the 
manufacturer, to guarantee a realistic 
specification. 

Even the simplest specification, if it 
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is reasonably complete, taken together 
with all referenced requirements, will 
represent a complex document. In any 
specific application, it is often imprac- 
tically time-consuming and costly to 
go through the complete tests, guar- 
anteeing by direct check, every per- 
formance and environmental require- 
ment of the particular model and type 
in question. Furthermore, it must al- 
ways end up as a matter of judgment 
as to how many units to test, in what 
sequence and “natural combination” of 
environments, to reflect most accurately 
the anticipated operating conditions. 

The best answer to the dilemma 
again lies in the accumulated experi- 
ence of the potentiometer manufac- 
turer. Over the years, he has been con- 
stantly evaluating the reliability of his 
product. Field reports from satisfied 
and dissatisfied customers have been 
reflected back to his engineering and 
production departments, quality con- 
trol, and even his vendors. Process 
specifications have been re-written to 
approach near-perfection. 

During the course of production, en- 
vironmental tests are run on almost a 
continuous basis, checking one point or 
another, and gradually building up the 
company’s store of information on 
what does and does not work. In 
particularly important applications, 
where funds are allocated in advance, 
fairly complete environmental tests 
may be run on specific models, the re- 
sults of which may be applicable to 
the company’s entire line. Often, a 
large customer, or the government will 
conduct these tests as part of an evalua- 
tion or comparison of manufacturers. 
A drawerful of test reports, thought- 
fully interpreted on a continuous basis 
in terms of the company’s product line, 
is the strongest assurance of quality. 

A word might be said here about 
vendors, even the most progressive of 
whom are much more optimistic of 
their products, especially the new de- 
velopments, than are the customer- 
manufacturers. To resist their glowing 
descriptions of bearings, lubricants, 
materials, and finishes which (in their 
laboratory) solved all environmental 
difficulties, requires a considerable ex- 
perience with “unexplainable” failures, 
which are understood perhaps years 
later as theory is developed. 

The progressive manufacturer, many 
years in the business, is in a key posi- 
tion to evaluate a design environmen- 
tally, particularly with respect to the 
newest specifications. He knows what 
he can do, and instantly recognizes the 
points of uncertainty in a new specifi- 
cation. This permits immediate con- 
centration on these points by him and 
his customer. Tests and past history 
can be scammed for pertinent results. 
Long-term testing can be started at 


once. Environmental studies need only 
be made in the limited sphere of un- 
certainty, with a more cursory review 
of the “routine” paragraphs. Often, it 
is acceptable to refer to specifications 
previously met on sufficiently similar 
units that have been more completely 
evaluated. In some instances, following 
a proven design procedure is enough 
to win acceptance. For example, 
fungus testing is usually waived on the 
certification that all materials in the 
unit were either non-nutrients for fun- 
gus, or else protected by standard fun- 
gus-protective coatings. 





“13 Outstanding American 
Designs”’ 


New booklet featuring contest win- 
ners has just been published by the 
manufacturer of Mars Pencils, sponsor 
of the annual Mars Outstanding De- 
sign Contest. The booklet contains 
photographs of prize winners, through 
1958, along with pictures and de- 
scriptive text of their design. J. S. 
Staedtler, Inc. Hackensack, N. J. 
Circle No. 155 on Inquiry Card 


Plastic-Impregnated Bearings 
Need No Lubrication 


A bearing made of fabric impregnated 
with Bakelite phenolic plastic elimi- 
nates need for lubrication of bearings 
in mechanical applications ranging 
from miniature instruments to hydro- 
electric stations. In some _ instances, 
such bearings have outlasted the life 
of conventional metal bearings by as 
much as eight times. Ruslon bearings, 
as they are called, can replace many 
conventional metal-to-metal bearings, 
which must be regularly serviced with 
grease or oil. The combination of 
Bakelite phenolic and fabric supplies 
strength in a permanently infusible 
form. In addition, the phenolic is light- 
weight, resistant to high temperatures, 
dimensionally stable under most atmos- 
pheric conditions and has a low coeffi- 
cient of friction. The bearings are inert 
to acids and alkalies and are pot sub- 
ject to electrolysis or corrosion by salt 
water. Union Carbide Plastics Co., New 
York, N. Y. 
Circle No. 216 on Inquiry Card 


Potentiometer Definitions 


Brochure entitled “Potentiometer Defi- 
nitions” lists functional definitions 
which are applicable to wire wound 
and composition controls, thus avoid- 
ing misinterpretation of terminology 
between supplier and buyer. 


Source: Clarostat Mfg. ‘Co., Inc. 
Dover, N.H. 


For your copy: Circle 176 on Inquiry Card 
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SPRING es 
Sub-Miniature Accelerometer 


Sub-miniature accelerometer with po- 
ANTI-BACKLASH g tentiometer pickoff employs an integral 
MOTION TRANSMITTER | 


| weight and dry-gas damper combina- 
| tion. Ideal for precision inertial sensing 
| in minimum space, the unit can have a 

variety of acceleration ranges and po- | 

tentiometer characteristics to fit various 
| requirements. Performance is_practi- 
| cally unaffected by temperatures 
| 


A TAMER AID 


epee cent 


ranging from —75°F to 200 F with sat- 
ANG RUNNING Ea | isfactory performance to 400 F. These 


MOTOR hermetically sealed, dry-gas filled in- 


; struments operate well under severe | 
CONSTANT ’ : . +4. ' 
Oo dag a : o vibration and shock conditions. Hum- | 
BRUSH i) phrey, Inc., San Diego, Calif. 


SPRING 


Circle No. 160 on Inquiry Card 





Vibration Exciter 
ATOR MOTOR COUNTERBALANCE 
Vibration exciter used for conventional 
sine wave testing, or for the newer 
random or complex motion techniques, 


® 
ARE YOU UP-TO-DATE ON THE NEG ATOR provides in the same size unit up to 


40 percent more force output for more 
The First Practical Constant-Force Spring efficient utilization of power amplifier 
output. Unimode suspension, an MB | 
development, provides a_ one-inch 
double amplitude for continuous duty 
vibration testing. The exciter is liquid 
cooled for environmental test chamber 








Things are happening fast to the NEG’ATOR Spring. 
Its use in instrumentation is growing by leaps 
and bounds. Still another major camera manufac- 


turer has incorporated a NEG’ATOR motor as the applications in ambient temperatures 
drive unit in a new model. New application from —100 to 300 F, and at altitudes 
stories become available regularly. Many of the up to 250,000 ft. The new exciter has | 
predictions made for the NEG’ATOR (by design a vector force output of 10,000 Ib., and 
engineers like yourself) are being realized. a frequency range of 5 to 2,500 cps. | 


Weight of the moving element is less 
than 100 lb., its axial response is 
well above 2,500 cps. MB Mfg. Co., 
Div. Textron, New Haven, Conn. 


To keep you up-to-date at all times, we are now 
publishing the NEG’ATOR Sketchbook shown at 
left. By means of regular issues, we intend to 
make available to you all types of NEG’ATOR 






















information—new data, new developments, func- Circle No. 206 on Inquiry Card ¥ 
tions, applications, and ideas. V ; 
If you will write us, we will be happy to send Size 8-Resolvers S\ 
you all past issues of this publication and add your — yet is 
name to our list for future issues. Contact us bebe ign gig size 8 a pose ¢ 
weighing only 1.2 oz., provide 

siaediemaiaies oneuren wt degree of accuracy - larger and opera 
heavier size 11 resolvers. The unit valve 
has high-shock slip ring and wiper ] 

assembly that will withstand shock ~— 
loads of 45 gs at 2000 cps. Also avail- “en 
able are high and low impedance types 3 tim 
THE HUNTER size 8 resolvers, designed for 26-volt, no co) 








400-cycle input signals with total null 
voltage not exceeding 1 millivolt per : 
volt input and maximum fractional Sive § 
error held to 0.1 percent. The unit 
has two phase rotor/stators with no 
sacrifice of critical characteristics. Cor- 
rosion resistant frame is 0.750-in diam- 
HUNTER SPRING COMPANY eter and 1.241l-in length. American 
~ 27 Spring Avenue, Lansdale, Pennsylvania Electronics, Inc., Culver City, Cal. 
SPRINGS © STAMPINGS * TEST APPARATUS | Circle No. 208 on Inquiry Card 
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Nylon-Body Solenoid Valve... 
List Priced as Low as °10.75... 


(Quantity Discounts Available) 


Outlasts, Outperforms Steel! 


ALCOR’S new 3-way Nylon solenoid valve, 

SV-54 Series, outlasts and outperforms steel, 
yet is list priced as low as $10.75! In general pur- 
pose and O.E.M. installations, where millions of 
operating cycles are essential, this new Valcor 
valve not only works best but costs less. 

Its nylon seat outlasts steel...its port 
threads outlast steel... pound for pound it’s 
3 times stronger than steel. Dry seal threads, 
no compound is needed— and they won’t loosen 
even under severe vibration. Nylon is non-corro- 
sive so you have no atmospheric problems. And 





SOLENOID VALVES 


SV-54 
Series 


the stainless plunger is a reliable workhorse 
for millions of cycles. Bubble tight sealing. 
Available in normally open, normally closed and 
“directional control” configurations in all nor- 
mal AC and DC voltages...1%" square x 3” long 
(valve illustrated). 


Write today for complete technical data 
on this shock-resistant, pressure-proof valve— 
the 3-way nylon-body valve, SV-54 Series, that’s 
3 times stronger than steel, yet costs less. Try 
it on your toughest application. 


Am VALCOR ENGINEERING CORP. 


5374 Carnegie Avenue, Kenilworth, New Jersey 
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Pressure Switch/Transducers 
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Precision miniature switches, Weighing peerent 
only 6 ounces, are capable of sensing | UES = 
pressure levels of from 0.5 to 4,000 pg finite res 
merely by changing internal modula | set in 
components. Eight swtiches cover the With a 
complete pressure span. By rotating ie 
the external pressure setting adjust demodu . 
ment, which is then securely locked by has a diff 
two set screws, you get exact calibra # 1000 | 
tion of each switch assembly. The unit = 
meets MIL-E-5272A specifications, Its f pheres ar 
entire asse mbly is resistant to corrosive pnges fr 
| operating media, and all moving part; @iterenti: 
| are contained in a rugged aluminun ernation: 
| housing, environmentally-sealed by O yompone 
| rings at each end. Optional mounting Cir 
bracket provides vibration isolation up 
to 2,000 eps and up to 50 g’s. Haydor 
| Switch, ty Wucbas, Conn. _ High-Ter 
Circle No. 175 on Inquiry Card Torque n 
| temperatu 
| Electronic Switch Tubes of electro 
| - —P servovalve 
Thin-section midget T series precision ball bearings were designed Fast-switching —_cold-cathode __trigget} temperatu 
primarily for instrument application, and to bring new, high standards tubes replace relays, thyratrons and} need for 
of performance to their size range. Actual sales experience has shown other devices in simplified circuits for} or therma 
a much wider range of application for these versatile bearings than | reliable military and industrial equip] y midposi 
heretofore anticipated. | ment. Designed to operate under ex+ q stroke o 
These bearings feature: (1) light, one-piece retainer with true max- | treme conditions of heat, shock andj 750 incl 
imum ball complement — good for low torque values. (2) savings from | vibration, these rugged tubes control up} ]-11/16 
46% to 90% on space requirements, compared with conventional inch- | to 500 amperes with input currents of) ounces O 
series ball bearings of equivalent bore size. (3) no loading slot or | less than 20 microamperes. Operating) power re 
other design compromise which might limit thrust capacity. (4) high | ambient temperature range is —55C to) ment & C 
srt corks saat to bearing volume. (5) rings and balls of stain- | +85C. Including miniature and sub Cire 
el; retainer of pressure- -molded fibre-reinforced phenolic. Made miniature types, this line has anode de- 
in precision and ultra-precision grades. I: Be ; ee 
ay times from 1.6 to 4.0 microseconds} 
For complete information, get our catalog 59 ... Write today. with a maximum variation of 0.4 micro‘ pam-Lev. 
ACTUAL SIZE second. Minimum trigger voltage fora 4 jew s; 
; ; : two-microsecond pulse is 230 volts Is| Mervation 
! Hold-off voltages range from 1000 to put stages 
- , i 3000 volts. CBS-Hytron, Newburyport, 4), 2.900 
, . Massachusetts. sistor feat 
: Circle No. 110 on Inquiry Card microamps 
i ' nilli-micro 
i oie ’ ful in cir 
BTCR 6-10 | —-3TCR 8-12 1 i 3TCR 12-16 a ne ape sources: p 
¥e"’ bore i Y2" bore l 5g’ bore l 34'’ bore 5 . js ted tubes 
Digital logging system, designed to lich b ; 
a o-— arekameitiod provide a digitized output from poten f eta 
I; ~ermere: _ ops Sod tiometer recorders to shaft inputs, oe) 
al ] - eliminates logging of recorder readings a poss 
NY rK KN W and transcribing of strip or circulaf pplication 
Na 90 NG Smo g Corp., Wal 
: chart recordings. Evolved trom the Be 
a i sticmmnnacne | growing need to reduce data at a fast on 
es 6 m accurate rate this unit automatically a 
‘ ‘ ‘ . records data at unattended stations 4 Fee 
B D w J b da Balls | ‘L ‘Ss | precise intervals by the addition of am fame Cer 
+ 0002 + .9000 a tee | size tbs. tos. | external timing device; can be used fa A dual 
3750 | .6250 | .15625 | .010 | 542 |.457.| 1611/16] 77 | 110 | laboratory and production tests, mail g. vies 
5000 | .7500 | .15625 | .010 | 672 | 587 | 21] 1/16] 89 | 144 | tenance checks, instrument calibratio inputs: pro, 
6250 | .8750 | .15625 | .010 | .797 | .712 | 24/1/16] 94 | 165 and anywhere a recorder or shaft rote dation f . 
-7500 1.0000 |} .15625 | .010 | .922 | .8375 | 30 | 1/16 101 206 tion exists. The system is supplied e power i 
Grade weisrances, fr is maximarm fist rachos On ShoR of housing thet bearing will cheer.” sacowt a ready-to-operate unit, complete Wil polarization 
load capacity at 500 rom and 2500 hours average life. §Static non-Brinell load capacity. all necessary cable interconnectio& with mor. 
| and encoder mounting hardware fo tween “i 
eat by lib | easy installation. No gearing is nec) gye..) od 
Sp «a ea ring | sary between encoder and _instrumett Co Cohas: 
A DIVISION OF MPB, INC. | drive. Datex Corp., Monrovia, Cal. | - ge 
511 HIGHWAY FOUR, LEBANON, NEW HAMPSHIRE | Circle No. 193 on Inquiry Card mk 
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Differential Pressure Transmitter 


Differential pressure transmitter fea- 
tures 0.2% measurement accuracy, in- 
fnite resolution, and zero output pre- 
’ set at any point throughout the range. 
With a sensing element which is a 
differential transformer with a built-in 
demodulator for d-c outputs, the unit 
has a differential sensitivity of one part 
in 1000 or better. The shock resistant 
mit is suitable for corrosive atmos- 
) pheres and available in static pressure 
mnges from 0-100 to 0-300 psi with 
differentials up to 100% of range. In- 
fernational Resistance Co., Computer 
Components Div., Philadelphia, Pa. 
Circle No. 200 on Inquiry Card 


High-Temperature Torque Motor 


Torque motor, which can operate at 
temperature of 600 F, permits the use 
of electrohydraulic or electropneumatic 
servovalves or similar devices in high- 
temperature applications without the 
need for complicated cooling systems 
or thermal lag provisions. The unit has 
a midposition force of over 8 pounds, 
a stroke of +.008 inches at a radius of 
750 inches. Measurements: 1% x 





urrents of 
Operating 
—55C to 
and sub- 
anode de- 
roseconds 
).4 micro- 
tage for a 
30 volts. 
» 1000 to 


yburyport, 


Card 


signed to 
om poten 
ft © inputs, 
r readings 
x circulat 
trom the 


at a fast 


1-11/16 x 1% inches, weight: 10 

ounces Only 4 watts of input electrical 

power required. American Measure- 

ment & Control, Inc., Waltham, Mass. 
Circle No. 151 on Inquiry Card 


Low-Level Input Transistor 


A new silicon transistor operates at 
starvation current in d-c amplifier in- 
| put stages. Recommended for use in 
the 2-200 microamps range, the tran- 
sistor features drift of only .05 milli- 
microamps per degree C and .5 
nilli-microamps per day, making it use- 
ful in circuits with high impedance 
sources: phototubes, G-M tubes, infra 
ted tubes and ionization guages. The 
high beta (typically 25 at 5u to 70 
at 100u) and the extremely low ICO 
make possible many new low-current 
plications. Transitron Electronic 
Corp., Wakefield, Mass. 
Circle No. 129 on Inquiry Card 
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Same Center of Radiation 


A dual polarized feed horn for large 
ize waveguide having two waveguide 
inputs provides the same center of ra- 
dition for both signals. Maximum 
power transmission is obtained in both 
polarizations. The horn handles 10 kw 
with more than 30 db decoupling be- 


everal frequencies. D. S. Kennedy & 


instrume) Cp, Cohasset, Mass. 


ia, Cal. 
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Circle No. 154 on Inquiry Card 
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“AND IN STOCK 


.. WONT WEAR OUT... 
NEVER NEEDS REPLACEMENT 


No tubes... no moving parts to weaken and fail from wear... 
not affected by dust, dirt, oil mist or iron filings . . . will even 
operate under water . . . sensing heads available for distances of 
48 inch and 2 inches. . . also for explosion-proof applications . . . 
corrosion and vibration resistant ...won’t spark, pit or wear, 
because there are no contacts. 


Sure, they cost a little more initially. But we haven’t seen the 
application yet where the new Westinghouse proximity limit 
switch can’t pay for itself time and again through eliminated 
replacements and machine down time. 


GET ALL THE FACTS about new Westinghouse proximity 
limit switches . . . see how and where they can benefit you. Write 
to Westinghouse Electric Corporation, Director Systems Depart- 
ment, 356 Collins Avenue, Pittsburgh 6, Pennsylvania. 


J-01011 
* 
you CAN BE SURE...1F ITS \ Vesti nghouse 
WATCH “WESTINGHOUSE E BAL YES! ARNAZ SHOWS CBS TV MONDAYS 
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RANDOM WAVE VIBRATION SYSTEMS 


Ray L. Reid, Asst. Chief Eng. 
Ling Electronics, Inc. 


New Instrumentation and 
Techniques For Simulating 
Severe Vibration Environments 


Early vibration testing employed sine 
wave forces exclusively except where 
a definite force-time history was re- 
quired such as in the case of shock 
loads. Aircraft equipment and most in- 
dustrial equipment were tested by sine 
wave techniques since forces experi- 
enced by the equipment were due in 
most part to vibration forces caused by 
rotating or reciprocating members. In 
aircraft the majority of the vibrations 
were the result of forces induced by ro- 
tating and reciprocating elements of 
the engine. Industrial machinery also 
were subject to vibrations induced by 
rotating and reciprocating elements of 
engines, motors, and actuating mecha- 
nisms. 

Vibration testing consisted of dupli- 
cating this sinusoidal vibration and de- 
termining the response of components 
to be subjected to the environment. In 
most cases linearity of response was 
assumed and superposition techniques 
were used to determine the response to 
forces of different frequencies. 

Where sinusoidal vibrations are 
dominant, these techniques are still em- 
ployed. Sine wave testing is still the 
main method of determining structural 
modes and control system response. 

Recently, however, the nature of the 
environment encountered in high per- 
formance aircraft and missiles has 
placed random vibration forces in the 
dominant position. These random 
forces are largely the result of aerody- 
namic turbulence and power plant fluc- 
tuations. They have random character- 
istics and cover a fairly wide band- 
width. The feeling among test engi- 
neers is that a true indication of the 
response of individual components or 
complete systems to a random wave 
environment cannot be obtained by a 
superposition of the response to forces 
at particular frequencies within the 
bandwidth. This is largely due to fac- 
tors of non-linearity in the response of 
the system elements. This non-linearity 
factor can make the element and the 
system sensitive to any of the charac- 
teristics of the force . magnitude, 
frequency, or rate of change of fre- 
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quency. As a result, the trend in vi- 
bration testing of equipment subject to 
random force environments is to dupli- 
cate the environment as closely as pos- 
sible in order to obtain the response to 
every aspect of the environment. 
Naturally, there is some controversy 
involved. Some test engineers firmly 
believe that comprehensive sine wave 
testing is still sufficient. Othere are 
firmly convinced that for a random en- 
vironment only random wave testing 
can give conclusive proof of the equip- 
ment’s ability to survive. However, the 
large amount of random wave equip- 
ment being ordered by manufacturers 


ACCELERATION DENSITY- 5 %rs 








FREQUENCY-CPS 





FIG. 1. Power Spectral Density plot 
shows acceleration density as a function 
of frequency. Random characteristics 
require this statistical representation 
of forces. 


in the aircraft and missile fields is in- 
dicative of the growing interest in ran- 
dom wave testing. 

The prime source of difficulty in the 
handling of random vibration is, of 
course, the very “randomness” of the 
vibrations. Random wave vibrations 
may be considered as having finite 
bandwidth but amplitudes that exhibit 
statistically random characteristics as a 
function of time. As a result, it is im- 
possible to describe the amplitude of 
any of the frequency components posi- 
tively at any one time. Rather, statis- 
tical analysis is employed to describe 
the characteristics on a probability ba- 
sis. That is, the probability that any 
one amplitude can exist at any one spe- 
cific instant is determined on the basis 
of a statistical averaging process. 

Random wave vibrations can be plot- 
ted as a function of frequency by em- 
ploying the Power Spectral Density 









curve. This is a plot of amplitude ver- 
sus frequency where the amplitude 
characteristics have been determined 
statistically. The amplitudes for each 
frequency are examined statistically 
and their root-mean-square value deter- 
mined. This value is used to determine 
the acceleration density defined by the 
following equation: 


4 Limit [a2 /F 
A=ps¢ @/Fl 
where: 
U 
a is the root-mean-square value 


of the vibrations 

F is the bandwidth of the vibra- 
tions 

A is the acceleration density in 
g*/cps 





} 

The density function plotted versus | 
the frequency spectrum of the vibra- | 
tions is the Power Spectral Density | 
curve. Typical of random wave char- | 
acteristics is the Power Spectral Density 
plot shown in Figure 1. : 

White noise which has the specidll 
characteristic of equal acceleration den- 
sity at each frequency has the flat Pow- | 
er Spectral Density curve shown in 
Figure 2. 

Describing random _ vibration re-| 
quires that the frequency spectrum and 
the shape of the Power Spectral Den- 
sity curve be given. In addition, the 
total root-mean-square vibration level 
of the spectrum may be determined by 
the formula: 
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FIG. 2. Power Spectral Density plot of| 
white noise is horizontal line indicating 
random variations with equal densily 
at all frequencies. 
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SHAKER SYSTEM DESIGN 


Requirements for random wave testing 
have dictated the development of high 
performance equipment with capabili- 
ties to duplicate the vibrational envi- 
ronment with extreme fidelity. Not only 
must each frequency component be re- 
produced accurately, but the exact 
relationships between each of the com- 
ponents must be maintained. 


To accomplish these tasks, provisions 
must be made in the equipment to com- 
pensate for any and all resonances that 
might influence the final value of forces 
applied to the component under test. 
This equalization of the test equipment 
insures that the component under test 
is vibrated in accordance with the 
Power Spectral Density curve chosen 
as specification for the tests. 

Naturally, there are certain limita- 
tions to the amplitude of forces pos- 
sible. A Gaussian distribution implies 
probability that amplitudes of unlimit- 
ed value exist. Standard working pro- 
cedure is to provide the system with 
capability of furnishing amplitudes 
equal to three times the r. m. s. ampli- 
tude. This factor is defined as the 
Crest Factor. A value of three is used 
since statistically 99.7 percent of the 
time actual forces would be below 
three times the r. m. s. value. 


Since the requirements for random 
wave testing are far more rigid than 
those for sine wave testing, equipment 
developed for random wave studies 
are quite adequate for sine wave test- 
ing. In fact, the trend in the industry 
has been to procure random wave 
equipment because it has both capa- 
bilities. 

Figure 3 is a functional block dia- 
gram of a typical vibration system with 
both random wave and sine wave capa- 
bilities. Noise generators, sinusoidal 
signal generators, and magnetic tape 
reproduction equipment can be used 
as the source of vibration signals. In a 
great many instances the vibrational 
environment comprises sinusoidal loads 
superimposed on a white noise spec- 
trum. To duplicate this condition an 
electronic mixer is employed to mix 
the chosen sinusoidal signal with the 
output of the noise generator. To in- 
sure that the correct relationship is 
maintained between the two signals a 
servo system with feed back signals 
from the shaker is used to monitor and 
adjust the amplitude of the sine wave 
oscillator. 

The first graphic equalizer and the 
band pass filter shape the output of the 
noise generator to the Power Spectral 
Density specified. This first shaping 
does not take into consideration any 
effects of the shaker or other elements 
of the testing system. Development of 
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Now Radio 
Interference 
Testing has 


Been Added! 








ACTON LABORATORIES 
COMPLETE ENVIRONMENTAL 
TESTING LABORATORIES 
PROVIDE RADIO 
INTERFERENCE TESTING 
PLUS CONSULTING 
SERVICES. 


Qualification testing to meet military and Federal Communi- 
cations Commission specifications service includes: field in- 
tensity measurements, RF interference measurements in ac- 
cordance with commercial and military requirements, an- 
tenna pattern analysis, determination of harmonic spurious 
frequency output of transmitters, local oscillator radiation of 


receivers and determination of shielding effectiveness. 


COMPLETE TESTING FACILITIES FOR: 


High Temperature, Low Temperature, Humidity, Altitude, 
Mildew-Fungus, Salt Fog and Salt Spray, Sand and Dust, Ex- 
plosion, Sunshine and Rain, Vibration—High and Low Fre- 
quency, Shock, Acceleration, Life Tests, Radio Interference 
Testing. 


Acton’s Environmental Testing Laboratories are staffed by 


experienced personnel with the important “know-how.” 


Brochure on request—May we 
quote on your next project? 





ACTON LABORATORIES, INC. 


Subsidiary of 
TECHNOLOGY INSTRUMENT CORP. 


DEPT. E-3, 531 MAIN ST., ACTON, MASSACHUSETTS 
CIRCLE 18 ON INQUIRY CARD 





23 





SPECIFICATION 


EQUALIZATION 
cccmmiinigeiseeiPacab cea GAIN 


put in your designs 


ization | 




























































































24 



























































































































noise ge 
GRAPHIC BAND PASS BOOSTER PEA ” ,: 
EQUALIZER [———7 FILTER = AMP. a woren #4 — Spectr il 
NO I os shaker. 
JA 7 di : 
r e Of co 
Z and not 
SHAKER EQUALIZER 
INPUT , y ters prc 
SELECTOR : ‘ 
is - with th 
il a and no’ 
“ail | spread c 
poaaigs GRAPHIC LOW PASS POWER and wae 
_ EQUALIZER [7 FILTER ae AMP. SHAKER Q val 
NO 2 a adjustab 
-—_ | TRIGGER indepen 
PULSE 
MIXER In ad 
a ing sign: 
ARMATURE system, 
ean | Velocity so serve: 
TAPE }————~ — amplifie: 
insures | 
FIG. 3. Equipment required to duplicate dynamic environment is shown in above a 
this functional block diagram of a typical vibration testing system. System transmit 
shown has sine wave, random wave, and customized complex wave testing power 
capabilities. Magnetic tape can be used to provide signals with special addition 
amplitude-time characteristics. armaturi 
armatur 
the graphic equalizers has greatly im- Once the output of the noise genera- overcul) 
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ization process from the output of the 
noise generator to the required Power 
Spectral Density characteristics at the 
shaker. 

Of considerable interest are the peak 
and notch filters, Figure 5. These fil- 
ters provide vibration test engineers 
with the capability of placing peaks 
and notches anywhere in the band 
spread of 2 to 5000 cps. These peaks 
and notches may be characterized by 
“Q” values of 0 to 1,000 and maintain 
adjustable heights and depths to 40 db 
independent of the “Q” value chosen. 

In addition to compensating the driv- 
ing signals for the characteristics of the 
system, the equalization equipment al- 
so serves as safety checks. The clipper 
amplifier placed after the gain control 
insures that no signals with amplitudes 
above a safe range for the shaker are 
transmitted to the power amplifier. The 
power amplifier is provided with an 
additional safeguard in the form of the 
armature protector which shorts the 
armature in the event of instantaneous 
overcurrent or overtravel. 

Some idea of the power require- 
ments necessary to duplicate the vibra- 
tion environments to which today’s 
missile systems are subjected can be 
had by considering that the power am- 
plifier for vibration tests calls for 200 
kilo volt amperes. Amplifiers of this 
size can provide peak shaker forces of 
42.000 pounds at frequencies up to 
2000 cps. 

Up to this point in the vibration test 
system, the elements have all been elec- 
tronic. The shaker itself is electrody- 
namic and presents the greatest portion 
of the system limitations. Electrody- 
namic shakers operate on the same 
principles as do radio loud speakers. 
Electronic signals applied to the arma- 
ture set up magnetic fields about the 
armature coils which react with the 
magnetic fields about the field coils. 
The result is a force tending to move 
the armature. The armature is connect- 
ed to the shaker table so that the force 
applied to the armature is transmitted 
directly to the shaker table. 

The greatest limitation in shaker per- 
formance arises from its physical func- 
tion—that is, the shaker must move a 
mass. The power required to provide 
this motion increases both with the 
mass and with the frequency of the 
signal. Nevertheless, even considering 
the disadvantages of electrodynamic 
shakers, they do provide the only suc- 
cessful means of transducing electronic 
Signals into mechanical motion with 
any degree of fidelity and power. 

Monitoring the motion of the shaker 
and the element under test calls for 
the use of specialized instrumentation 
able to faithfully report the test condi- 
tions while undergoing the vibrational 
loadings themselves. In general, rugged 
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COMPUTER ENGINEERS 


Positions are open for computer engineers capable 
of making significant contributions to advanced 
computer technology. These positions are in our 
new Research Center at Newport Beach, California, 
overlooking the harbor and the Pacific Ocean —an 
ideal place to live. These are career opportunities 
for qualified engineers in an intellectual environ- 
ment as stimulating as the physical surroundings 
are ideal. Qualified applicants are invited to send 
resumés, or inquiries, to Mr. L. R. Stapel, Aero- 
nutronic Systems, Inc., Box NL-486, Newport 


Beach, California. 


Positions Open: 
Systems Engineers 
Logical Designers - 
Magnetic Memory 
Engineers 
Communications 
Engineers 
Digital Computer 
Programmers 
Circuit Engineers 
Mechanical Engineers 
Optical Engineers 


COMPUTER DIVISION 


AERONUTRONIC 


a subsidiary of FORD MOTOR COMPANY 
Newport BEACH « GLENDALE « SANTA ANA + Maywoop, CALIF 


TW 


Areas of Interest: 


Computers & 
Data Processors 
Storage Units 
Display Devices 
Computer Components 
Solid State Devices 
Memory Systems 
Flight Data Entry 
Digital Circuit Design 
Advanced High Speed 
Computer Systems 
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| PEAK & NOTCH CHARACTERISTICS + 





wide range of operation available. 


| accelerometers are used to monitor the 
vibration forces. 


FUTURE EQUIPMENT 


| 
| As environmental conditions become 
| more severe and missile systems more 
| complex, the trend in vibration testing 
| is to more accurate reproduction of the 
conditions the missile and its compo- 
nents will encounter. This trend results 
from realization that the reaction of a 
large and complex missile system to vi- 
brational forces can be considerably 
different from that of any one portion 
or component of the system. We need 
to increase capabilities of the vibration 
test equipment in both frequency range 
and force available at the output. Ideal- 
ly, each missile system should be tested 
| as a complete unit in a simulated en- 
| vironment duplicating not only the vi- 
brational conditions, but also the tem- 
| perature, pressure, and other condi- 
| tions. 

Foremost in the efforts to increase 
test equipment capabilities are devel- 
opments toward more efficient and bet- 
ter performaning shakers. These de- 
velopments are aimed at improving the 
operation of existing electrodynamic 
shakers at higher frequency and force 
conditions and under more strenuous 
pressure and temperature environments. 
At the same time development work is 
| being directed at new concepts in shak- 








HIGH Q —__—_-— 


Low Q 


FIG. 5. Peak and notch filter was designed to handle equalization problems 
in vibration test equipment. Peaks and notches can be adjusted with regard 
to frequency, “Q”, and peak height and notch depth. Response curve shows 


er design and construction. 

One new area of endeavor is the use 
of acoustical testing techniques. In 
these tests the missile and its compo- 
nents will be battered by sound waves 
generated by the equivalent of a huge 
loud speaker. Since sound wave trans- 
mission is rather inefficient, the missile 
will be placed in a resonant chamber to 
make use of the resulting reverbera- 
tions to reinforce the generated waves. 
This area of testing is becoming in- 
creasingly important as the sound levels 
of rocket engines and aerodynamic tur- 
bulence increase to the point that they 
can physically damage missile struc- 
tures and components. 
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WORTH FILING 
Antenna Systems Catalog 


96-page product and facility book cov- 
ers antennas, antenna systems, and 
transmission line products. Included 
are new product developments in 21- 
inch waveguide, high-power transmis- 
sion lines, ground-to-air and telemetry 
antennas, microwave and two-way com- 
munication antennas, and the introduc- 
tion of two new sizes of HELIAX (flex- 
ible coaxial line). 

Source: Andrew Corp. 

Chicago, Illinois 
For your copy: Circle No. 227 on Inquiry Card 
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| ond, thus expanding the dynamic 


/ at unlimited altitude and _ excellent 


_ lication lists strain gage instruments, 
| Strain gage kits and accessories. 





structural Material for 
High Temperature Use 


Reinforced ceramic material that re- 
sists gas erosion at extreme tempera- 
tures and eliminates structural failure 
due to heat shock can be fabricated 
for rocket nozzles, nozzle components, 
and other applications where materials 
must retain their shape and dimen- 
sions at very high temperatures. The 
normally brittle ceramic is quasi duc- 
tile. Negligible changes in rocket noz- 
le throats have resulted at tempera- 
tures of 5000 F for test durations of 
more than 60 seconds with actual 
rocket motors. Avco Research and Ad- 
vanced Development Div., Wilming- 
ton, Mass. 
Circle No. 165 on Inquiry Card 


Dual-Rate Gyros 


One rate gyro that will do the work of 
two units effects reductions in space 
required for instrument and_ control 
packages. In RG-18 series, one motor 
is used to drive two separate wheels, 
making it possible to measure rates 
about two different axes. For example, 
one unit can measure both pitch and 
yaw. Another gyro series, (RG-20) 
covers two rate ranges about the same 
axis. For example, a single unit covers 
the rate ranges from O—20 degrees- 
second and from 0—200 degrees sec- 


range of instrumentation system from 
100 to 1 to 500 to 1 and giving 
greater accuracy. Built with two in- 
dependent pickoffs (one for each axis 
or one for each range), these gyros, 
at temperatures from —65F to 180F 
can operate in relative humidity 100%, 


resistance to acceleration, vibration 
and shock. Humphrey, Inc., San Diego, 
Calif. 
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WORTH FILING 
SR-4 Strain Gages 


New catalog lists over 250 types of 
bonded filament resistance strain gages, 
and includes complete electrical and 
physical specifications of each gage 
type. Included are a wide variety of 
etched foil gages for high, intermediate 
and room temperature applications as 
well as all standard, semi-standard and 
special purpose SR-4 Wire Gages. A 
separate section provides data _ use- 
ful in the selection of gages for vari- 
ous applications. In addition, the pub- 


Source: Baldwin-Lima-Hamilton Corp. 
Electronics & Instrumentation Div. 
Waltham, Mass. 





For your copy: Circle 182 on Inquiry Card 


MARCH 1959 


New Designs 
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TYPE R-29 MOTOR 
2%" Diameter 


This motor is an ideal power source 
for recording instruments, timers, 
medical instruments, office equip- 
ment, blowers, tape recorders, com- 
munications equipment, etc. It is 
available in both 2-pole and 4-pole 
design, each in three stacking lengths. 
Type R-29 is a permanent split 
capacitor type available as an in- 
duction or synchronous motor. H.P. 
of various models ranges from 1/75 
to 1/30. Construction features are 
indicated below. 


Many Standard 
Mountings 
Available 


sane 


Class A" Insulation for 
High Dielectric Strength 
and High Temperature 
Applications. 







Heavy Formex Heavy Stator End Rings. 
Windings. 






















True Air Circula- 
tion System for 
Maximum Heat 
Dissipation. 


Rugged, Precision- 
Machined Die-Cast 
End Caps for Flange, 
Base, Sub-Base, Resil- 
ientor Stud Mounting. 






Ample Width Flat. 


Pre-loaded 
Bearings. 







Husky, Sealed and 
Shielded Ball Bearings. 












Special Bearing Locking 
Fan Blades Integrally Aluminum Die Plate Reduces End Play 
Die-Cast with Rotor. Cast Rotor to that of the Bearing 
Dynamically only, (Available on Ample Clearance for Coil 

Balanced. Special Order). End Wire. 











For more information, write, 


Sales — Service Representatives in Principal 
or use Readers’ Service Card. 


Cities throughout the World 


HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 


125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
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SYSTEMS DESIGN 


ENVIRONMENTAL TESTING OF BALLISTIC MISSILE RE-ENTRY VEHICLES 


by C. A. Caputo, Reliability and Quality Department 


Avco Research and Advanced Development Div., Wilmington, Mass. 


The environments of flight and especially the re-entry of 
ballistic missiles have posed special environmental problems 
for Avco in its development of re-entry vehicles for the 
Air Force Titan and Minuteman intercontinental ballistic 
missiles. 

Original estimates of environments to be simulated 
pointed out that some of the equipment needed simply 
did not. exist. Temperatures, for example, were on the 
order of several thousand degrees Fahrenheit and rates of 
heat input, thousands of B. T. U.’s per square foot per 
second. Random and sinusoidal vibration to be expected 
were about 0.2 g?/cps and plus and minus 5.0 “g” re- 
spectively, in the approximate frequency range of 10 to 
2,000 cps, at least for brief periods during powered flight 
and re-entry. Maximum sound pressure level might be on 
the order of 155 decibels (re 0.002 dynes per square 
centimeter) with an approximate bandwidth of 20 to 
4,000 cps. Acceleration, both sustained and oscillatory, 
might run as high as 100 “g” or more. Extreme low pres- 
sure outside the earth’s atmosphere also had to be con- 
sidered. And it was probable that some of these conditions 
would occur at the same time. 

As a start on the problem, standard temperature cham- 
bers, temperature-humidity-altitude chambers, shock ma- 
chines, shakers, centrifuges, altitude chambers, and other 
equipment designed to meet the conditions of MIL-E-5272 
were used. Some of this equipment could not meet the 
environmental limits without improvement, and other con- 
ditions demanded the development of totally different, 
new equipment. To meet these conditions Avco developed 
test equipment like the arc-heated tunnel for materials 
and structural testing at very high temperatures, an acous- 
tic noise generator, 100g and 200g shock machines, and 
a device called the TAVET (Temperature-Acceleration- Vi- 
bration-Environment-Tester) capable of simultaneously ex- 
posing parts and components to severe environments. 


ACOUSTIC NOISE TESTING 


The sound level of large rocket engines like those of an 
ICBM is approximately 155 decibels at the re-entry 
vehicle. The sound pressure level is transmitted through 
the surrounding air directly to the parts, even though they 
are isolated mechanically from structural vibration. This 
could be a serious problem for some components. To find 
out,: it was necessary to design and build a device that 
could simulate such acoustic noise in the laboratory. 
Because of the availability of high-power amplifiers in 
the Avco environmental test laboratory (a part of the 
mechanical vibration systems), loudspeakers were used 
rather than sirens or modulated air flow horns. Since no 
speakers were available to produce the required acoustic 
power at frequencies below 500 cps (most of the energy 
in the rocket engine noise spectrum is concentrated be- 
tween 50 and 500 cps), a 6 KW loudspeaker (figure 1), 
was designed and built. For testing small components 
(cross-sectional areas less than 20 square inches) the 
sound is directed into a progressive wave tube in which 
the component has been mounted (figure 2). For larger 
specimens, a pentagonal reverberant chamber was built. 

With these facilities it was possible to determine whether 
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FIG. 1. The AVCO acoustic noise generator is a specially 
designed electro-mechanical transducer or loudspeaker of 
the moving coil type rated for continuous operation of 
sound pressure levels up to 166 decibels of random noise 
and up to 170 decibels at discrete frequencies. 1. housing 
2. front plate 3. focusing device 4. moving coil 5. flexure) 
system 6. annular gaps 7. field coil 8. shield 9. junction) 
box 10. blower 





the re-entry vehicle equipment could stand the acoustic 
environment associated with launching of an ICBM and| 
the sound pressure levels of re-entry. In addition, attenua-| 
tion characteristics of a complete re-entry vehicle were| 
studied in a specially developed 900-cubic-foot reverberant 
chamber. 


ELECTRIC ARC-HEATED WIND TUNNEL 


The intense aerodynamic heating effect of high-velocity 
air on aircraft and missile structures is well known. It, 
of course, doesn’t make any difference whether the air is 
flowing past a stationary structure, or the structure is 
passing through still air; the effect is still the same. This 
makes wind tunnels practical for aerodynamic experimen- 
tation. 

Historically aerodynamic heating first came to the at 
tention of the designer in the early 30’s during the de- 
velopment of air-cooled radiators for high-speed aircraft. 
More recently the problem has come to the forefront with 
the advent of hypersonic re-entry vehicles for ICBMs. 

Up to two years ago there were no test facilities avail 
able for continuously simulating the temperatures and heat 
transfer rates characteristic of re-entry. Continuous flow 
hypersonic tunnels were capable of producing Mach num 
bers up to 20, but at the expense of gas temperature in 
the test section. The test section temperatures were get-| 
erally not sufficient to produce dissociation in the air ap 
proaching the specimen under study. The shock tube and 
hot-shot tunnel, while making it possible to reach a neW 
regime in Mach number, pressures, and air temperatures, 
were hampered by their short (millisecond) characteristi¢ 
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FIG. 2. Noise—100 million times greater than heavy five 
o'clock traffic noise is made by Avco’s new acoustic noise 


' generator. Designed to simulate the noise of a mighty rocket 


engine in the laboratory, the noise generator is helping 
to test critical components that will go into the Titan and 
Minuteman ICBM nose cones that Avco is developing for 
the Air Force. 

operating times. Finally, the blast of a rocket motor was 
available for material studies. However, while this tool 
was able to continuously simulate the heat transfer rates 
and shear forces characteristic of re-entry, it had a limited 
temperature range, and the composition of the exhaust 
gases was very different from the composition of high- 
temperature air. 

The electric arc-heated wind tunnel was developed as 
a result of the foregoing limitations. Unlike other Jabora- 
tory tools for the simulation of re-entry, the electric arc 
gas heater is capable of continuously heating air to re- 
entry temperatures and pressures. 

A schematic of the basic Avco air heater is shown in 
Fig. 4. The unit is a device for heating gases to high 
temperature by passing them through an electrical dis- 
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into the chamber. The arc discharge is ignited by explod- 
ing a tungsten bridge wire which initially connects the 
carbon cathode and water-cooled copper anode. The in- 
jected fluid flows through the region occupied by the 
are discharge, momentarily becomes part of the discharge, 
and is exhausted from the system. 


y 


FIG. 3. Avco acoustic noise generator, shown with a rever- 
berant chamber attached, allows laboratory acoustic noise 
lesting of critical components and systems to military 
specifications. The high-intensity noise environment and 
frequency spectra generated are similar to those produced 
by rocket or jet engines. 
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LITTON INDUSTRIES 
invites 
Electromechanical 
Engineers 


attending the 


I.R.E. Convention 
March 23-26 











experienced in 


INERTIAL NAVIGATION 
SYSTEMS 


AIRBORNE TACTICAL 
DATA SYSTEMS 


AIRBORNE COMPUTER 
SYSTEMS 


to contact the representative of the Electronic 
Equipments Division, Mr. C. T. Petrie, at the 
Convention Hotel, PLaza 5-4225 








Work in advanced electronics at Litton 
Industries, which includes design and produc- 
tion of complete systems for military and 
commercial use, offers extraordinary scope 
for electromechanical imagination. 





LITTON INDUSTRIES 


Electronic Equipments Division 
Beverly Hills, California 


At LR.E., visit our booths: 1610-1661, 1709-1715, 3913 
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COOLING WATER 







TUNGSTEN OR 
CARBON CATHODE(-—) 


COPPER 
ANODE (+) 


AIR STABILIZED ARC 


FIG. 4. Aveo electric-are air heater 


The temperature of the exit jet can be varied from 
3000 F to 12,000 F by changing the airflow. The unit 
has been operated both subsonically and supersonically 
by changing nozzle shape and discharge conditions. 

Apart from problems of re-entry simulation the arc gas 
heater is an interesting low thrust, high-specific-impulse 
propulsion device. Preliminary measurements on a small 
thrust stand have indicated that the Model 500 arc heater 
operated with helium produces about 5 lbs of thrust at a 
specific impulse of about 500 seconds. Its possible use 
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as a space propulsion device is being investigated by 
the Avco Research Laboratory in Everett, Mass. 


TEMPERATURE-ACCELERATION- 
VIBRATION-ENVIRONMENT TESTER 


The TAVET was built to study the simultaneous effect of 
temperature, acceleration, and vibration on re-entry vehi- 


cle parts. Two methods that readily suggested themselves 


for combining vibration and acceleration were: 


(1) Mounting a vibration exciter at the end of a centri- 
fuge arm. 

(2) Shaking the hub of a centrifuge vertically with a 
vibration exciter. 

Previous attempts to work out a design based on the 

first method were discarded as economically infeasible: ex- 


citers available commercially were large and cumbersome, | 


and would require extensive redesign of flexures and other 
parts to withstand sustained accelerations of any magni- 
tude. The advent of hydraulic exciter systems made the 
second method feasible. 

To obtain the test facility as early as possible with a 
minimum of design effort, it was decided to adapt readily 
available commercial equipment. A centrifuge and a vibra- 
tion exciter were combined and a brine chamber built 
around the outside of the centrifuge tub to provide the 
temperature capability (see figure 5). The test facility 
has been completed and is in process of evaluation. Tests 
indicate that sinusoidal vibration of up to 10 “g” on speci- 
men weights of 20 pounds can be obtained over a fre- 
quency range of 30 to 400 cps. Higher frequencies are 
possible, but at levels below 10 “g”. Frequency response 
curves at various points on the machine indicate a pri- 
mary resonance near 70 cps and a secondary resonance 
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FIG. 5. Temperature, acceleration, vibration, environmental 
test chamber. 


at 250 cps. Sustained acceleration can be obtained over 
an infinitely variable range of 1 to 75 “g”. The brine 
conditioning unit is capable of maintaining any tempera- 
ture from —65 F to 250 F in the test space. The machine’s 
adaptability for use with random as well as sinusoidal in- 
puts is under consideration, as well as the use of com- 
pensating networks to flatten its response to vibration. 

One of the “by-products” of this machine is its ability 
to test inertial devices under vibration and at high and 
low temperatures. When used for such a device, the ac- 
celeration produced by the centrifuge is no longer merely 
an environment, it is an energy which the inertial device 
stores and uses to perform its task. From this point of 
view, the TAVET is a test facility in its own right. 
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Application Notes For Magnetic Tape Recording 


In addition to specification and performance characteristics 
for an entire line of tape recorders, this booklet contains 
notes on applying the equipment for wide frequency 
response, multiple channel recording, memory, time ex- 
pansion and contraction, variable time delay and data 
reduction. Techniques are described for visual readout, 
digital presentation, electronic frequency analysis and pro- 
gramming of simulation devices. 

Source: Leach Corp. 

Compton, Cal, 
For your copy: Circle No. 226 on Inquiry Card 


Dynamic Measuring and Recording Instruments 


16 page catalog covering dynamic testing by multi-channel 
oscillographs, recording oscillographs and accessories, data 
amplifiers and bridge balances, vibration measuring equip- 
ment and power supplies. 
Source: Consolidated Electrodynamics Corp. 
Pasadena, Cal. 
For your copy: Circle No. 237 on Inquiry Card 


Electronic Switching 


Current issue of General Telephone Technical Journal 
starts a series of articles on electronic switching research. 
Series will cover transmission, memory and control circuitry. 
Source: Automatic Electric Co. 
Northlake, Illinois 
For your copy: Circle No. 239 on Inquiry Card 











More leading companies work with more MB vibration 
test systems than any other. Avco too has added its 
distinguished name to the impressive list. In its modern 
facilities at Wilmington, Mass., Avco Research and 
Advanced Development Div., has a variety of complete 

MB systems; also a shaker-mounted centrifuge for combined 
acceleration, temperature and vibration cycling tests. 


Only complete confidence in quality and performance 
produces this kind of endorsement. In producing by far the 
major portion of vibration test systems in use, MB has 
accumulated the widest available knowledge of vibration. 
It is applied with engineering imagination, administered 
by the largest field force of vibration specialists. It is 
available to you without obligation. Just call, or write. 


Pioneer and leader in the field of vibration 


VNB MANUFACTURING COMPANY 


A DIVISION OF TEXTRON INC., 1067 State Street, New Haven 11, Conn. 
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_KEARFOTT TACHOMETERS © 
... compact, light-weight, high-performance i 


Part 1 
Kearfott offers one of the broadest lines of precision tachometers in the industry. Light, in the 
compact and resistant to temperature, vibration and shock, they are available for a Part « 


wide variety of applications. 


integrating Tachometers, special types of rate generators, are almost invariably provided in- 
tegrally coupled to a motor. They feature tachometer generators of high output-to-null ratio 
and are temperature stabilized or compensated for highest accuracy integration, rate compu- 
tation, etc. In addition to reducing the in-phase null level toward zero, errors due to tempera- 
ture effects are minimized over a wide ambient range. Linearity, in some cases as low as 

.01%, is usually better than +.1%, while phase shift is 0+1°. For extreme accuracy, models MY 
with low temperature coefficient drag cups are also available. 







































































| The §S 
Rate Generators feature high output-to-null ratios and are designed for application as rate functi 
servos and to provide damping in very high gain systems. These Kearfott units offer high or inc 
linearity, high output and low inertia and are often integrally coupled to a low inertia motor; can b 
in this design the in-phase null is virtually reduced to zero. Quadrature null is as low as .25% | ~—s' to: cor 
of the 1000 rpm outputs while harmonics seldom exceed .1% of the output at 1000 rpm. mover 
' 
| couple 
Damping Tachometers have relatively low output-to-null ratios and are designed primarily whose 
for damping purposes. They feature extremely low inertia and power consumption, linearity An 
which is normally within +.5%, and phase shift within 10° of reference. Kearfott damping A sing 
tachometers are usually integrally coupled to a low inertia motor. of a c 
ing th 
Size 11 (R860) INTEGRATOR TACHOMETERS up th 
(Typical Characteristics) TEMPERATURE perme 
polyp] 
Size 11 Size 15 Size 18 the ro 
(R860) (1816) (va92) 2 ing th 
Excitation Voltage (400 cps) 115 115 115 3 ti 
Volts at 0 rpm (RMS) .020 .020 010 oy oo 
Volts at 1000 rpm (RMS) 2.75 2.7 2.00 6 rotor 
Phase shift at 3600 rpm 0° 0° o° $ ance | 
Linearity ot 0-3600 rpm .07 .05 .07 ™ passes 
Operating Temperature Range —54° +- 125° —54° -+- 125° —54° + 125° -20 0 m « Pi 80 made 
g AMBIENT TEMPERATURE °C ® 
minate 
RATE TACHOMETERS |! DAMPING TACHOMETERS ings. | 
(Typical Characteristics) FREQUENCY reactic 
ficient 
Size 15 Size 18 Size 8 Size 10 Size 1] _ + In 
é 
(R800) (V806) (M824) (P822) (R809) 5 4 DEVIATION . ’ 
Excitation Voltage (400 cps) 115 115 26 115 115 . ny ee oe induct 
Volts at 0 rpm (RMS) 013 026 015 019 019 4° altern: 
Volts at 1000 rpm (RMS) 3.1 3.0 234 450 5 % ternat 
Phase shift at 3600 rpm 5° 4.5° 10° 5° ys g the si 
Linearity at 0-3600 rpm 25 25 3 3 3 + + loo 
Operating Temperature Range —54° + 100° -—54° + 125° | —54° + 125° -—54°-+ 125° -—54° + 125° oe = yr ag Boe Ps 
FREQUENCY — WITH PROPER LOAD flux ll 
windi 
INTEGRAL SERVO MOTOR DATA usoida 
{Typical Characteristics) SPEED of the 
3°] Hig 
<8 
Size 8 Size 10 Size 11 Size 15 Size 18 "f . requir 
No Load Speed (RPM) 5400 6600 5500 8000 8000 “es “Tae yey tained 
Stall Torque (oz. in.) 3 35 55 45 1.30 3600 | A: 
thet f ep e | 
Excitation Voltage (400 cps) 18-40 26-40/20 115-40/20 115-40/20 115-115/57.5 3000 = 1800 1800 , 3000 ; ccw 
Rotor Moment of Inertia (Gm.CM2) 1.3 76 77 7.0 35 V | ee he. _ absolu 
Operating Temperature Range —54° + 100° —54°-+ 125° —S4° + 125° —54° + 125° —54° + 125° : / € A 
Unit Weight (incl. tachometer) —oz 3.1 4.6 9.0 14.0 30 puneaniy = “ee me turn i: 
TVPICAL thallerry CURE i ligible 
e Ff 
: 4 pieces 
Write KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. rN es 
for A subsidiary of General Precision Equipment Corporation GENERAL assure: 
chnical Sales and Engineering Offices: 1378 Main Ave., Clifton, N. J Kearfo eA 
fe vi Midwest Office: 23 W. Calendar Ave., La Grange, Ill. at PRECISION and - 
data South Central Office: 6211 Denton Drive, Dallas, Texas COMPANY ; al 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. i In rotc 
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COMPONENTS DIGEST 3—-ELECTROMECHANICAL AND 


POTENTIOMETER TRANSDUCERS: PART 2 





Part 1 of Components Digest 3 appeared 
in the February 1959 issue. 
Part 3 is scheduled May 1959. 


Synchrotels 


The Synchrotel, developed by Kollsman Instrument Corp., 
functions either as a very low-torque control transformer 
or inductive pick-off. The movable element of the unit 
can be coupled directly to sensitive aircraft instruments 
to convert, with a high degree of accuracy, the instrument 
movement into electrical signals. The Synchrotel may be 
coupled to low-torque shafts, such as a gyro-gimbal shaft 
whose angular position is to be transmitted. 

An exploded view of a Synchrotel is shown in Fig. 11.1. 
A single-phase winding, corresponding to the rotor winding 
of a conventional synchro, is wound on a spool surround- 
ing the lower section of the cylindrical core which runs 
up the center of the case. The case is made of a highly- 
permeable magnetic material. The stator is a conventional 
polyphase synchro-type assembly located in the case above 
the rotor winding (which is stationary), and also surround- 
ing the cylindrical core. The rotor consists of an oblique 
section of a hollow cylinder attached at one end to the 
rotor shaft. The oblique section rotates in the annual clear- 
ance between the core and the stator teeth, and the shaft 
passes through the center of the hollow core. The rotor 
made of aluminum has minimal weight. The shaft ter- 
minates in instrument pivots which run in sapphire bear- 
ings. Since there are no brushes, and there’s no electrical 
reaction at the null, positioning torque need be only suf- 
ficient to overcome the friction of the jewel bearings. 

In operation, either as a control transformer or as an 
inductive pick-off, the stator windings are excited with 
alternating voltages which produce a resultant radial-al- 
ternating flux. (See Fig. 11.2). Any of this flux that links 
the single-turn loop of the rotor induces a current in the 
loop, in turn, producing an axial component of alternating 
flux in the cylindrical core. This flux induces in the rotor 
winding an alternating voltage whose amplitude is a sin- 
usoidal function of the relative positions of the rotor and 
of the stator radial flux. 

High angular resolution and accuracy with minimum 
required positioning torque of the prime mover are ob- 
tained by several factors: 

e Rotor weight and moment of inertia are held to an 
absolute minimum. 

e Absence of brushes and the fact that the rotor pivots 
turn in sapphire bearings make static friction torque neg- 
ligible when the unit is energized. 

e Rotor is effectively skewed with respect to the pole 
pieces. This minimizes pole-piece effect on accuracy and 
assures no change in accuracy due to axial play. 

e All iron-to-iron air gaps are in stationary members, 
and are therefore relatively insensitive to any radial play 
in rotor bearings. 
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ROTOR COIL STATOR 
(STAT IONARY) 


ROTOR 


Fig 11.1—Exploded view of a Synchrotel 


e Reaction torque at null voltage position is always 
zero. With a condenser of proper value across the output 
winding, there is no perceptible electrical reaction for any 
rotor position. 

Since tooth errors are substantially eliminated by the 
design of the rotor, the principal error as a function of 
angular position is in the form of a smooth sine-wave in 
one cycle for 360 degrees rotation of the rotor. 


OPERATION AS A CONTROL TRANSFORMER SYNCHRO 


The Synchrotel is most frequently used in a servo system 
similar to that shown schematically in Fig. 11.3. A sensi- 
tive mechanism receiving pressure information (pressure, 
altitude, air speed, etc.) transforms this information into 
rotation of the Synchrotel rotor. The rotor will then rotate 
as a function of input pressure. The signal generator syn- 
chro rotor is connected to an a-c supply, and, according 
to its position, induces different voltages in the three Y- 
connected stator windings. These voltages are fed to the 
Synchrotel stator, where a resultant field is established 
whose position is determined by the rotor position of the 
generator synchro. Then the voltage in the rotor winding 
of the Synchrotel is a sinusoidal function of the difference 
between the agular positions of the Synchrotel rotor and 
the signal generator rotor. The rotor voltage is amplified 
to actuate the control phase of a two-phase servo motor 
which drives the signal generator to one of the two posi- 
tions which produce a null in the Synchrotel rotor. In 
doing so, the rotor of the signal generator synchro is 
continually following the rotor position of the Synchrotel. 
The signal generator rotor, therefore, rotates as the same 
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Fig 11.2—Sectional views of a Synchrotel showing its flux 
pattern. 
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Electromagnetic and Potentiometer Transducers 





function of the input pressure as that of the Synchrotel 
rotor. Selection of the desired null position is accomplished 
by properly adjusting the relative phasing of the signa! 
generator rotor and the motor fixed phase, and the am- 
plifier phase-shift characteristics. 


OPERATION AS AN INDUCTIVE PICK-OFF 


Where it is desired to obtain an ac phase reversal of 180 
degrees for an extremely small angular motion, a substantial 
volts-per degree gradient with a very low minimum can be 
obtained from a Synchrotel. To secure an in-phase signal, 
a condenser is usually connected across the Synchrotel 
rotor leads. Value of the condenser depends on impedance 
of the load fed by the Synchrotel. The rotor has 360 de- 
grees rotation with no ambiguous points at any position. 
Therefore, since the output signal is continuous, the pick- 
off can not “get lost”. The output voltage amplitude is 
proportional to the sine of the angle away from the null. 
By using the Synchrotel as an inductive pick-off in a 
follow-up system, a working accuracy of several hundredths 
of a degree may be obtained. 


SERVOMOTOR 
SERVO-AMPLIFIER 








ERROR 
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ee," 
\&_Jsyncuroret 


' SYNCHROTEL ACTUATION 
FROM SENSITIVE DRIVE 
; MECHANISM 


The servomotor drives the synchro generator, G, rather than 
the synchrotel, as is customary. 





Fig 11.3—Inverted servo loop employing Synchrotel as low. 
torque transmitting device. In contrast to conventional ar- 
rangements, the synchro generator is driven by the servo 
motor. 


APPLICATIONS 


The Synchrotel is adaptable to flight and engine instru- 
ments. It may be incorporated within the case diameter of 
a regular dial-and-pcinter instrument, or in a blind trans- 
mitting instrument to be remotely located. The Synchrotel 
may be used to transmit angular position of any low-torque 
shaft. It is particularly useful where very high accelerations 
and/or rapid oscillations are to be measured. 

Angular accuracy is not effected by temperatures of 
—55C to +70C. These accuracies remain the same as at 
room temperature. 


Accuracy 5 Seconds of arc 
Repeatability 1 Second of arc 
Sensitivity .25 Second of arc 


inductosyns 


Where precise positioning accuracies greater than those 
obtainable even with multi-speed transmission systems 
are required, the Inductosyn may be considered. The ro- 
tary and linear motion varieties of this device have ac- 
curacies of 5 seconds of arc, or +0.0001 inches respec- 
tively. This compares with best accuracy of about +% 
minute available in a two-speed synchro system employ- 
ing the best possible gearing. 

Physically, the Inductosyn consists of engraved pat- 
terns of conductors on glass plates to form a multi-polar 
inductive structure. Only a structure of this type could 
have the necessary dimensional stability to achieve the 
required accuracy. Because of the absence of magnetic 
material, carrier frequencies of the order of 10 kilocycles 
are necessary for efficient coupling. Similarly, the large 
number of poles of the Inductosyn require use of a con- 
ventional synchro system as a “coarse control” to avoid 
ambiguities in positioning. 

As an electrical data transmission device, the rotary 
Inductosyn is similar to an electrical resolver having a 
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STATOR 


Fig 12.2—Elements of the Rotary Inductosyn 


single input winding and a pair of uncoupled output 
windings. However, in the Inductosyn there are a large 
number of poles, and a complete voltage cycle is pro- 
duced for a rotation equal to the spacing between pole 
pairs. Rotary Inductosyns are normally built with 108, 
128 and 144 poles, corresponding to 54-speed, 64-speed 
and 72-speed resolvers. That is, an Inductosyn transmit- 
ter behaves like a single-input high-precision resolver 
having a large number of poles or else is geared up in 
the above ratios. Some of the most useful arrangements 
of both rotary and linear Inductosyns exploit this electri- 
cal identity by using Inductosyns and resolvers in com- 
bination to permit novel applications. 

If two rotary Inductosyns are paired and their station- 
ary (stator) coils coupled together, they may be used as 
transmitter and receiver for transmission of angular data 
in much the same way as a pair of resolvers might be 
used. However, because of the large number of poles, a 
succession of ambiguous null points appears, equal to 
the number of pairs of poles less one. 
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A Success Story of 
Particular Interest 
To The Engineer 
Capable of More 
Creative Productivity 





There are many reasons for Heavy 
Military’s remarkable turnover 
record. We believe that the pre- 
ponderant factor is Heavy Mili- 
tary’s policy of advancement based 
solely on individual contributions. 
Where a man goes—how fast 
he goes—is not determined by arti- 
ficial standards: degrees, “salary 


norms,” age, seniority. Recognition and renumeration, under our 
Salary Administration Plan, increase directly with accomplishment. 
And there are two parallel paths of advancement: as specialist consult- 
ant — or as manager-supervisor, with equal compensation and status. 

The result? Professional achievements that have steadily enlarged 
Heavy Military’s responsibilities. This has meant a 5-fold growth 
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Why engineering staff turnover 
| at General Electric's 


Heavy Military Electronics Dept. 


is less than 3!2% 


coccce ge 


Radiometry 

3-D Radar Systems 
Ultra-Range Radars 
Data Processing 


Sophisticated Display 

Digital Detector Trackers 

Integrated Air-Defense Environments 
Air-Space Management Systems 


Unconventional Communications Systems 





Synchronous and Scatter Systems 
Secure Communications 
High-Speed Data Links 

Space Communications 


Advanced Sonar Systems 


Long-Range Search Sonar 

Doppler Sonar 

Secure Underwater Communications 
Mine Warfare Sonar 





A 4-year 

average including 
transfers to other 
G-E components, 
retirements, etc. 


output of the professional staff; a 4-fold increase in number of engineering 
a large management and supervisory positions in just 4 years. 
is pro- 
en oak Does this environment of vigorous accomplishment appeal to you? 
o If so, look into Heavy Military’s openings on long-range projects in 
-S ° . 
we Boia all the areas listed to the right: 
resolver 
1 up : Your confidential resume will receive careful attention. 
>ments . 
yin Write to: Mr. Georce B. CALitenpeER, Div. 28-MC 
in com- HEAVY MILITARY ELECTRONICS DEPARTMENT 
station- 
used as 
lar data 
ight be Court STREET, Syracuse, N. Y. 
poles, a 
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push-pull 


Compression & Tension Type 


Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
with “O” rings. 3” standard bend radius. 
%” minimum bend radius. 


Three Types: 


1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 


2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty—Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys and dual 
cables. Patented U.S. A. All world rights reserved. Send 
for ENGINEERING MANUAL giving detailed prints and 
complete specifications covering materials, finishes, capa- 
cities. Please address Dept. egap_pp-59. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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FRE CATALOG 


Lists over 8,000 Precision 
Misia aclacmelite 


Components FROM STOCK 





Featuring the NEW Precision Standard 

PIC “Ultra-Precision”—Exceeds established 

standards, to provide the greater accuracy 

demanded by today’s design, for the products 
of tomorrow. 


FREE “pesicn-aip” ad Ss 


TEMPLATE KIT 
Contains 14 i 

Actual Size Templates 
A completely new design 
template system, created by 
working engineers, to assist 
you in the design and development of your spe- 
cific mechanical systems. 
Ideal for Breadboard Layout, Prototype Design, 
Production Design, Technical Sketching and De- 
tail Parts Drawing. 

Send for FREE Catalog and “Design Aid”, Today. 


PLC DESIGN CORP. 


Subsidiary of BENRUS WATCH COMPANY, Inc. 


477 Atlantic Avenue, East Rockaway, L. I., N. Y. 
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Fig 12.1—Inductosyn servo system 


Fig. 12.1 shows an Inductosyn transmission system in 
simplified form. Figs. 12.2 and 12.3 show the structure 
of the inductive components of the rotary and linear In- 
ductosyns respectively, with brief descriptions of the 
mode of operation. The error curves sare approximately 
sinusoidal in shape, with a half-amplitude of about 5 
seconds of arc. Repeatability of data is of the order 
of one second of arc, or 25 micro-inches. 


APPLICATIONS 

The rotary Inductosyn provides a means for precise 
measurement of angular position, for data pick-off from 
gyroscopes and other sensitive elements, for precision 
servo systems, for missile guidance, fire control and other 
military applications, as well as for other measurement 
and control applications. The linear Inductosyn provides 
a means for accurate control of machine elements mov- 
ing in translation and for precision measurement of length. 
A most significant use is in automatic machine-tool con- 
trol systems. 

Because of its unique character, the Inductosyn may be 
used in a variety of unusual applications where it would 
be extraordinarily difficult to apply conventional compo- 
nents. Table 12.1 lists a number of these applications and 
show the circuitry necessary for some. Naturally, apply- 
ing a component with the accuracy of the Inductosyn 
requires a series of precautions as well as special tech- 
niques to insure proper installation and operation, which 
can best be determined by consultation with the manu- 
facturer. 


Accuracy .0001 of an inch 
Repeatability 25 micro inches 
Sensitivity 10 micro inches ‘0/5 NB URIMITIBINIRITIBINIBINIBINIBINIBIBVIRITIBINIRINS 
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Fig 12.3—Elements of the Linear Inductosyn 
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Table 12.1 


APPLICATION CIRCUITRY FOR THE INDUCTOSYN 
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f Daven has always been the leader in the minia- 
turization of precision wire wound resistors. Now, due 
to further advances in resistor manufacture, Daven is 

| able to offer higher resistance values in smaller sizes 
| than ever before. 

For guided missiles, airborne radar, telemetering, 
and for any application where extremely small size 
and dependability are of prime importance, specify 
Daven miniature wire wounds. 


“ DAVEN ~ 


LIVINGSTON, NEW JERSEY 
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Design Engineers... - 








295 standard types of Bodine reducer and 
non-reducer motors are available at once 
... from stock, Reducer torque ratings up 
to 219 in. Ibs. 


FREE ENGINEERING BULLETIN... 


Stock models, specifications and ratings are 
included in 12-page engineering bulletin. 





Distributors in major industrial centers 


Bodine also offers 3500 standard built-to-order motors 
Bodine Electric Co., 2506 W. Bradley Pl., Chicago 18 
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fractional / horsepower 





Ss 


MOTORS 


...the power behind the leading products 
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ELECTROMAGNETIC AND POTENTIOMETER TRANSDUCERS 





Magnesyns 


Magnesyns in their basic form are a-c operated, rotating 
electro-magnetic components for remote position indication. 
Transmitter and receiver are identical units. The rotor of 
each is a permanent magnet. Rotation of the transmitter 
rotor causes corresponding rotation of the indicator rotor. 
Magnesyns are used to drive pointers or similar devices 
not for power transmission. 

In the Magnesyn, a soft-iron toroidally wound ring is put 
around a magnet so that most of the magnetic lines of 
force pass through the ring, as shown in Fig. 13.1. Elec- 
tric current applied to the toroidal winding, generates addi- 
tional magnetic lines through the ring. If the current is 
large enough, the iron ring is saturated during peak por- 
tions of each current cycle. Thus, the magnetic lines from 
the permanent magnet in the center decrease during those 
portions of the cycle. During the alternating current 
cycle, because there are two peaks, the flux lines from the 
permanent magnet reduce to a minimum twice per cycle. 
As a result, the permanent magnet behaves very much like 
double frequency alternating magnetomotive force. This 
double frequency is generated in the winding of the 
toroidally wound soft iron ring. Dividing the electrical wind- 
ing into three sections causes the voltage induced in each 
section by the pulsing lines of force from the magnet to 
vary with the position of the magnet. If the magnet is 
rotated, the voltage in each section will change accordingly. 

Two identical Magnesyns, energized from the 400 cycle 
or 60 cycle line, with their tapped points inter-connected, 
function very much like a conventional synchro system 
having analogously a double frequency applied to each of 
these rotors. There is, in effect, a torque transmission sys- 
tem and each Magnesyn tends to follow the other. This is 
the basic principle of operation of a Magnesyn system. 

A Magnesyn can also be devised in which straight ime 
motion of the magnet occurs. Instead of placing the ring 
around the rotating magnet, you place a soft iron tube or 
cylinder around a magnet so that the magnet is free to 
slide back and forth within the tube. Most of the magnetic 
lines of force pass through the walls of the soft iron hollow 
tube. An electrical winding is provided around the outside 
of this soft iron tube. With this construction of magnetic 
parts and electrical winding the relationship of lines of 
force from the magnet and lines of force from the alter- 
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Basic Magnesyn Remote Indication Circuit 
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Fig 13.2—Use of Magnesyn in a servo-loop. The servo must 
operate on double the line frequency. 


nating current in the winding is exactly the same as for 
the rotary type of Magnesyn. Since, as in the rotary Mag- 
nesyn, the winding is divided into three sections, a straight 
line Magnesyn can be connected directly to a rotary Mag- 
nesyn. In this fashion straight line motion at a transmitter 
can be reproduced as a rotary motion at an indicator with- 
out resorting to mechanical linkages of any kind. 

The Magnesyn can also be used in conjunction with a 
conventional control transformer and servomechanism in a 
synchro system. Here, the fundamental component of 
Magnesyn output as applied from the line is cancelled out 
by bucking transformers so that only the induced second 
harmonic resulting from the permanent magnet flux pulsa- 
tion remains. The second harmonic is applied to the con- 
trol transformer lining so that the control transformer can- 
not drive a servomechanism to a null at a double fre- 
quency carrier. This arrangement is shown in Fig. 13.2. 





Microsyns 


The term Microsyn refers to the four pole structure of 
Table 14.1. This device, developed at M. I. T. during Worid 
War II, has served a large variety of measurement and 
control applications requiring accuracy and _ sensitivity 
over a limited angular range. They have been particularly 
suitable as components of gyro systems, but recently they 
have found application in many types of industrial as well 
as military devices. 

Physically, the Microsyn consists of a four pole stator 
and especially shaped rotor, both of laminated high perme- 
ability magnetic steel. It is analogous to a circular differen- 
tial transformer, or to a variable-reluctance balanced-bridge 
signal generator of the type described previously as an 
E-type pick-off. As a result of the balanced bridge con- 
struction, the microsyn compensates for errors that might 
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Fig 14.1—Process Control. Due to its low torque require- 
ments, the Microsyn may be used to great advantage in 
process control where the primary sensing element develops 
a very small driving force. 
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otherwise be introduced by mechanical symmetry. 
Important features of the Microsyn are: 

e High linearity, including phase reversal at null, over 
a limited angular range. 

e Resolution of the order of 0.01 degree, concurrent with 
very high signal to noise ratios. 

e Low operating torque or friction as a result of absence 
of slip rings or other mechanical restraints, and the bal- 
anced low inertia rotor. Undesirable electro-magnetic re- 
action torques are negligible. 

e High sensitivity with high volts output per degree and 
other scale factors associated with the various applications 
of the Microsyn. 

e@ Good reliability as result of simplicity of mechanical 
construction. In many applications the Microsyn stator and 
rotor elements are coupled directly to the application parts 
whose relative motion is being measured. The basic Micro- 
syn units can be reconnected in a variety of ways to serve 
a number of special purpose functions described below. 


The Three Basic Microsyn Functions 


The three basic Microsyn types are described and illustrated 
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Fig 14.3—Measurement of Mechanical Variab'es. The Microsyn is 
incorporated in a self-balancing servo system providing torque and 
motion amplification. Such an arrangement finds application, for 
«xample, in viscosity determinations, micrometry, and for barometric 
Pressure indication. Similar systems also find common military usage 
in gyro instruments for angular displacement and rate measurement, 


as well as in acceleration measuring equipment. 


Fig 14.2—Data Transmission. In linear balancing 
systems of the telemetering type, the microsyn is 
ideal for such applications as the measurement 
of pressure, temperature, or flow. The low voltage 
electrical line is trouble free and safe and can 
be conveniently connected to a remote indicating 
the 
limitations of the primary sensing element. In its 


point. System accuracy is subject only to 
simplest application and where compactness and 
light weight are important, the Microsyn output 


may be fed directly to an indicator. 


in Table 14.1; signal generator, torque generator, and elastic 
restraint generator. In each instance, the configuration of 
Microsyn coils that provide the required function is indi- 
cated, together with a brief description as to just how the 
function is obtained. The table similarly includes the basic 
performance characteristic corresponding to the function 
in question as well as several performance curves showing 
errors in achievement of the function. 


Common Applications 


The most common Microsyn application is as a position 
indicator or a signal generator. In this application it can be 
used in conjunction with Bourdon tubes, bellows, various 
flow meters and manometers, etc. to measure pressure. It 
can be used in conjunction with bimetallic elements and 
other temperature sensitive devices to measure temperature. 
Linear and angular dimensions, density, humidity, viscosity, 
and other quantities can be measured and converted to an 
electrical signal by the signal generator. Figs. 14.1 through 
14.4 illustrate applications of the Microsyn to various indus- 
trial and military problems as suggested by Boston Division, 
Minneapolis Honeywell. 
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Fig 14.4—Computing. Microsyns, by virtue of 
their high sensitivity and low reaction torque, 
may be used for addition, subtraction, multiplica- 
tion or division of variable mechanical inputs. 
A method for obtaining the product of two vari- 


ables is illustrated. 
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Table 14.1 — MICROSYN 
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Signal generator performance: torque reaction 


THEORY 


The signal generator primary in the null position, as a result 
of its symmetry, has no net output coupling with the output 
winding. However, should the rotor be turned from null, fluxes 
in the two opposing legs increase while fluxes in the remaining 
legs decrease, resulting in an unbalance, with a net voltage 
induced in the output winding. Under ideal conditions, the in- 
crease and decrease in flux of the pole groups cancel so that 
primary inductance is maintained constant. Therefore, there is 


no reaction torque. 


The torque generator has basically the same winding arran 

ment as the signal generator. For a linear signal gener 

the variation in mutual inductance between primary and § 

ondary is a linear function of angle. Since self-inductances 

primary and secondary are constant according to the reas" tHEgpy 
applied to the signal generator, then reaction torque, | 
veloped is proportional to the product of the currents of ‘int 
and output windings and the constant rate of change in from id 
inductance with respect to angle. Thus, the torque ee art ” 
develops a torque proportional to the product of its cum ead _ 
and at the same time the torque is relatively independ ang name 
angular position over the range. Pring. 
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DESCRIPTION 

Develops a spring-type restoring torque which varies as the 
square of the applied current. Moderate accuracy. Relatively 
large leakage fluxes. Used as an “electrical spring’. 
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Elastic restraint generator performance: torque output 
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Elastic restraint generator performance: torque output ratio 


THEORY 

The arrangement of coils in the elastic restraint generator is 
such as to give a linear variation of self-inductance. Departures 
from ideal performance are more pronounced in the elastic re- 
straint generator than in other applications. This unit is litte 
used, since its function may usually be achieved with a torsion 
Spring. 

MARCH 1959 














ae 
» 
“miniaturization... 
high precision... 
long life... 





less than 
1% deviation 
from linearity... 


wide range of 
pressures... 
now in stock 


A wide selection of the new Bristol stock 74” OD capsular 
elements is now available in pressure ranges from 15 to 
350 psi. 

These are the latest of Bristol’s long-life, Ni Span C pres- 
sure sensing elements widely used in the aircraft and instru- 
ment fields. For applications requiring miniaturization, this 
new 74” OD is the optimum size. Nominal deviations from 
linearity of these precision miniatures is less than 1%. 

Other Bristol,stock capsular elements range from 1%,” to 
2'%," OD and have a nominal deviation from linearity of less 
than 14% (deviation due to hysteresis of less than 14%). 
Normal operating temperature range is —65° to 300° F.... 
for higher temperatures to (550°) a slight 2% travel change 
may be expected. 

Bristol has been manufacturing pressure sensing elements 
for 70 years. For further information on these capsular ele- 
ments with outstanding linearity characteristics write for 
Bulletin AV2001: Aircraft Components Division, The Bristol 
Company, Bristol Road, Waterbury 20, Conn. @.54 


BRISTOL FINE PRECISION INSTRUMENTS 
FOR SEVENTY YEARS 
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The Vscope on the front of each equipment backer 

is shown here enlarged to improve read- eed ei ww Ss 
ability. The Vscope at left shows a vertical the yn 
disturbance of .187”. The Vscope at right teristic 

reveals no apparent motion due to the ‘se ne : 4 The 
high isolation of the Robinson mounting. failure: 

' design 
are a ¢ 
tory te 

uw u w ” | to the 
12.0 'G' reduced to 0.6'°G’ Ei: 
Hi Hi H a ral 
This Is Environmental Protection! abe 
Look at the above illustration, showing two Bendix air data sensors on an gy 
electromagnetic shake table. Notice the left hand unit which is mounted solidly t oe ‘ 
to the oscillating head of the shaker. The image is blurred because a vibratory og 
input of about .187” double amplitude at 35 c.p.s., equalling an acceleration force ee he 
of 12 “g’s”, is being applied directly to it. thon 
Now look at the right hand unit mounted on _a Robinson engineered sip am 
mounting system...some difference! The clear image of this equipment shows Expe 
the typically high isolation efficiency (over 95%) of the Robinson MET-L-FLEX® ieee 
mounting design. tests. a 
Other Robinson designs provide similar protection at higher frequencies of test 
where the input often reaches 30-40 “g’s”. The natural frequencies of such good | 
mounting systems are held within limits which are not critical to the equipment. istry, n 
Utilizing this mounting system radically reduces the environment to a level ‘ portant 
easily tolerated by any reasonably well designed electronic equipment. Such a may re 
mounting eliminates the need for costly and time consuming ruggedization. import: 
Over-all space and weight are held to a minimum. to sugs 
Because of the proven performance and reliability record of airborne com- In tl 
ponents now protected by Robinson mountings, an increasing number of manu- be con 
facturers in the electronics industry are incorporating Robinson mountings as merely 
an integra/ part of their basic equipment design. il C 
“Performance is the reason... Reliability the Result” ag 
ROBINSON CONTROL !1S RELIABILITY CONTROL > yng 
ROBINSON 4V/4TION ING) | cl 
TETERBORO: NEW JERSEY the abs 
West Coast Engineering Office: Santa Monica, Calif. ha 
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ENVIRONMENTAL TESTING Part I 





The problem of environmental testing is how to assure 
the reliability of equipment containing many diverse parts, 
under increasingly severe environmental conditions. In this 
Components Digest, we consider aspects of the problem 
that concern individual components and sub-system pack- 
ages. A detailed coverage from this point of view provides 
background for future Components Digests, and will avoid 
the problem of repetition in treating environmental charac- 
teristics of individual components in this monthly series. 

The object of environmental testing is then to anticipate 
failures that might occur in use in sufficient time to provide 
design corrections. Because actual environmental conditions 
are a complex combination of inter-acting effects, labora- 
tory testing can at best merely provide an approximation 
to the real conditions. Increasingly severe environments, 
and unanticipated failures make it necessary to continually 
analyze the bases of environmental testing to achieve more 
accurate correspondence to actual conditions. The great 
variety of conditions under which a particular piece of 
equipment may operate greatly complicates the problem. 
Also, certain “natural combinations” of environments tend 
to be far more severe than the environments of individual 
tests, making selection of natural combinations from the 
vast body of possible combinations extremely difficult. New 
requirements are adding new environments particularly as 
a result of advances in space flight and atomic energy. 

Experience is a big factor. Familiarity with the compo- 
nents under test, the nature of individual environmental 
tests, and the general causes of failure, and an accumulation 
of test reports from the laboratory and field, as well as a 
good basic engineering background, particularly in chem- 
istry, materials and finishes, and structural design, are im- 
portant. In particular, evaluation of a brand new component 
may require utmost engineering investigation to determine 
important weak points, since there is no previous history 
to suggest where to begin. 

In the early stages of a design, environmental tests may 
be conducted on a quite informal basis. The engineer may 
merely leave a couple of suspicious components in a salt 
spray chamber while someone else’s test is going on to see 
where failures may start. This type test at the very begin- 
ning, carried on frequently as components, materials and 
finishes are selected, is the best possible way to be assured 
of an adequate product later in the program. Even compo- 
nents known to be inadequate for the application, may, in 
the absence of better components, be subjected to these tests 
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to focus attention on possible failure points of the finally 
designed component. It is almost axiomatic that no amount 
of paper analysis, or care in design, can anticipate the many 
possible points of failure, which makes the habit of early 
testing a vital one. 

These informal environmental tests need not be carried 
out to any particular specifications. Many engineers may try 
to guess the most likely points of failure as a basis for their 
environmental testing. Overly severe environments may be 
applied to accelerate failures, permitting immediate cor- 
rective action, but results of such tests must be very care- 
fully interpreted. Failures under excessively severe condi- 
tions, particularly temperature, vibration and shock, can be 
very misleading. Some companies, in their search for the ul- 
timate in reliability, apply an alternating sequence of in- 
creasingly severe environments, and correct failures as they 
occur until satisfaction is achieved. This type testing can be 
very fast and economical. 

Long term life tests should be undertaken as soon as pos- 
sible. Some tests, such as five-year shelf life, for example, 
cannot be carried out during the course of the development 
program because of a great amount of elapsed time required. 
To meet such problems, the engineering department should 
accumulate records, reports and test data on a continuing 
basis, so that adequate back-ground information is available 
to deal with these problems as they arise. 


Qualification Testing 


In contrast with environmental testing, which is an en- 
gineering design tool, qualification testing is more formal, 
usually conducted on a contractural basis as part of the 
requirements of a job. These tests are conducted under 
certified conditions with formal reports verifying the com- 
pliance of the equipment with the performance and en- 
vironmental requirements of the purchase order. A properly 
designed piece of equipment, whose components have been 
through appropriate environmental testing, undergoes quali- 
fication testing in a most routine manner, with faults if any, 
confined to a minor easily correctible nature. Aside from 
the relatively high cost of qualification testing, major fail- 
ures at this point are particularly expensive to correct de- 
sign wise. Likewise, delays in shipping may hold up major 
military programs. The importance of successfully meeting 
qualification requirements should be impressed on design 
personnel from the very start of the project. 
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Reliability 


Reliability is less concerned with design details than it is 
with the overall probability of failure. It is more of 
mathematical study, the major problem being to secure 
an accurate mathematical model of the reliability factors 
in a piece of equipment. Where large numbers of com- 
ponents are concerned, the reliability requirements for in- 
dividual components to achieve a good overall reliability 
are vastly tighter than normally expected. 

Definitions of failure and life constitute an important 
aspect of any reliability program. In many missile appli- 
cations, the required operating life is trivial in compari- 
son with test time and storage requirements. Failure is 
often defined in terms of the permissible degradation of 
performance that will not impair the successful function- 
ing of the overall equipment. The problem of reducing 
the complex real situation to a sufficiently accurate mathe- 
matical model is most difficult. 

The field of reliability analysis is very broad, and 
problems must be judged individually. Future require- 
ments dictate more and more emphasis in these areas, 
with perhaps a weakening of the cry for miniaturization. 
New space age programs are forcing a strong re-evalua- 
tion of the philosophy of environmental testing and _ its 
extension to reliability problems. 
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Environmental 
Test Laboratories 





The increasing importance of environmental testing in 
achieving reliability has resulted in formation of a large 
number of environmental test laboratories. For flexibility 
in scheduling closer control of tests, particularly of large 
systems, because of the highly specialized nature of certain 
requirements, and perhaps to save money, larger systems 
companies have their own laboratories. Frequently they 
have test equipment whose rating or capacity could be 
achieved only by custom design. Specialized high-cost 
items are sometimes justifiable only on the basis of a large 
contract indicating definite need for the equipment. Such 
facilities, when properly approved by government inspec- 
tors, are permitted to issue certified test reports for approval 
or qualification purposes. Often such companies find i 
profitable to enter the commercial field and carry out tests 
for outside organizations for a fee. To carry out this 
activity successfully, the finances should be set up so that 
the test laboratory does not carry an excessive engineering 
overhead from the companies’ other operations. 

Strictly commercial laboratories have sprung up in all 
key industrial areas of the country. These laboratories are, 
roughly speaking, competitive in price and quality of per- 
formance, and selection is generally made on a regional 
basis for more effective coordination. Occasionally, how- 
ever, some specialized piece of equipment (a random noise 
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The importance of mathematical aspects of reliability 
has been heightened by a recent trend to spell out re- 
liability as a portion of the procurement specification, 
with responsibility on the manufacturer to guarantee the 
required reliability. Reliability, however, is an extremely 
expensive item to guarantee. An adequate demonstration 
of reliability requires a great many samples tested under 
a variety of realistic environments. The problem is far 
too complex to even define adequately. Current reliability 
investigations are strongly centered in this area. 

In the case of certain classes of ground equipment 
used under reasonably uniform conditions, a_ simplified 
reliability study may be based upon the mean time be- 
tween failures in the intermediate use period after initial 
difficulties with the equipment have been corrected and 
before wear has started to sharply increase the failure rate. 

In the case of missiles and telemetered data, the final 
test of reliability is in field service reports. But since 
actual tests to measure missile reliability are economically 
impossible, reliability must be mathematically determined 
on the basis of data of a more elementary nature. For 
example, the reliability of individual soft-solder joints 
may be determined by field reports, at least very approxi 
mately. Such data, together with information on how 
many similar joints are in a given piece of equipment, 
may permit a reasonable estimate as to the likelihood 
of failure from this area. 

In certain classes of equipment reliability may be more 
accurately represented by a percentage of down time. An 
easily serviced unit may be permitted more failures than 
one less easily serviced. Thus emphasis on ease of serv- 
icing, plug-in replacement components, adequately trained 
personnel, and good instruction manual, is part of the 
whole reliability picture. 
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shake table, for example) may be available in relatively 
few locations. 

Environmental test laboratories keep complete files of 
important sepcifications, and it is usually enough to specify 
the title, number, issuing organization, date and pertinent 
paragraphs defining the required test. However, tests that 
determine performance suitability and failure must be 
spelled out explicity; test laboratories are very experienced 
at adhering to the letter of your instructions and cannot 
guess the “obvious” points in your mind. Where tests 
require special equipment to determine suitability of per- 
formance, arrangement must be made to loan the equipment 
or purchase it. Often technical personnel of the engineering 
organization will carry out electrical tests, or at least partici- 
pate, under the overall supervision of the environmental 
test technician responsible for certification. 

Costs of environmentally testing a component are based 
upon the nature and variety of tests required. Standard 
price lists are generally available covering not only costs 
for use of test equipment but also rates for technical 
personnel involved. These price lists plus a detailed facility 
brochure often are sufficient choice factors in selecting a 
test laboratory. In many instances, particularly for vibra- 
tion testing, the cost of special fixtures and test devices 
must be added to the basic costs. 
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It takes a TEAM 
to solve timing problems 


The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry’s timing problems. 


When you submit a timing problem to Haydon, it’s 
handled by a team of specialists — not an individual 
engineer. And you can be sure the Haydon Timing 
Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 
application. 


Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 
release to a customer. The results are uniformly high 

quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 
for you? 























A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 











DIVISION OF 


GENERAL TIME CORPORATION 
Haydon l 


2827 EAST ELM STREET 
TORRINGTON, CONNECTICUT 








AT TORRINGTON 





Headquarters for Timing 
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ELAPSED TIME 
INDICATOR 
ED-71 


Compact, low-cost instrument 
for machine tools, 
communications equipment and 

other commercial applications 
where an accurate record of 
operating time is desired. 
Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 
240 v, 60 cps. Power Required: 
2.5 watts at 120 v, 60 cps. 





TIMING MOTORS 


A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 

ounce-inches to 30 ounce-inches 
at I rpm. Voltage ranges 

103-132 and 206-264 vac, 
50 or 60 cps. 





INTERVAL TIMER 


Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 

switches. Type AT has 1 SPST 
switch only. Intervals available 
with dial and knob: 15, 60 and 
180 minutes. Intervals to meet 
your specific requirements can 
be supplied. Voltages: 120 or 
240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 
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FOR ENGINEERED SOLUTIONS TO 
SHOCK AND VIBRATION PROBLEMS 


The parallel plane isolation mount pictured above, (in 
this instance, used as a Gyro mount) is just one 
example of the many special engineered systems 
developed by Federal for critical applications. 

As specialists in all phases of shock and vibration 
control, Federal welcomes complex problems like these. 
Federal’s diversified experience in building tens of 
thousands of mounting systems for airborne and 
ground-support applications is available to you for 
development of vibration and shock control systems 
to your specific requirements. 

When “‘off-the-shelf’’ mounts won’t do, it will pay you 
to, talk to Federal. A letter outlining your requirements 
will place our engineering staff at your disposal. 

For free data file on Federal engineered mounting sys- 
tems write today to Dept. EMD 


Pen rep DN SHOCK MOUNT, CORP. 
set | PEDERAL ae 
Booth No. | : pivision of THE KORFUND CO., INC. Seo 
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UNISORB 
MACHINE MOUNTS 


Unisorb reduces up to 85% of transmitted vibration — 
a protects against unseen wear and tear. Also helps in- 
crease machine speeds, get better quality workmanship. 
PLUS ... these money-saving extras: 
« Up to 30% cheaper installation costs, 80% time 
saving. 
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* No floor drilling, no bolts or lag screws. 
* Firm anchoring, yet permits moving when required. 


Permanent alignment, no machine “‘walking,"’ 
precision shimming. f 


FREE Sample and Booklet... 


Tells how and why Unisorb will pay of 
for you. Mount just one of your 
machines and feel the difference. 
Send reader service card, 

call or write... 


FE7-10 


the FELTERS company 
212 SOUTH ST., BOSTON 11, MASS. 
Manvfocturers of Felt and Felt Products 


Representatives in principal cities throughout the world 
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1060 Washington Avenue, New York 56, N. Y. J 
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Military Specifications 


As part of the approach to environmental testing, govern- 
ment agencies have ‘issued standard general specifications, 
These specifications are prepared after study has revealed 
the applicability of such standards to a range of applica- 
tions. However, the time lag between current developments, 
and standardization processes, often results in the rapid 
obsolescence of the latter. Systems specifications explicitly 
prepared for specific projects often have far more s'ringen, 
requirements than specifications for the incorporated com- 
ponents. Thus many components currently being manu- 
factured to standard military specifications are entirely un- 
suited to severe system requirements. As a result manufac- 
turers frequently prepare their own component specifications 
tied to system environmental requirements. These special 
specifications are frequently modeled after standard mili- 
tary specifications with suitable exceptions, usually with 
extended ranges of environment. 

As a result of increasingly severe environmental condi- 
tions, particularly in the areas of vibration and high tem- 
perature, component manufacturers are constantly being 
urged to develop “specials”. Because of the narrowness 
of the application, or long and uncertain delays prior 
to production, as well as shortage of specialized compo- 
nent design engineers, manufacturers find that develop- 
ment of “blue sky” specials is generally unprofitable. In 
many areas almost no government money is available to 
support such development, leaving systems engineers with 
a long term, increasingly difficult procurement problem. 

Notwithstanding the differences in specifications pre- 
pared to suit particular project requirements, the standard 
environmental specifications are still very important. They 
are under constant review with occasional major revisions 
to keep them up to date. Additional specifications rela- 
tive to special components or to nonmilitary environments 
(such as the recent SAE specifications on servmometers and 
synchros) are closely related to the standard military spec- 
ifications. The systems man, and the project engineer, 
as well as the component designer should be quite familiar 
with these standard specifications, their meaning and for- 
mat, the significance of the tests described, the type of 
apparatus used, and the nature of the failures that may 
be precipitated by each of these tests. The component 
design engineer in particular must visualize the effect of 
the individual environmental tests on the item he is de- 
signing. The systems man must examine his packages with 
vibration and shock, cooling and other environmental 
requirements always in mind. A good familiarity with the 
standard military specifications provides an excellent basis 
for preparing or calculating new more severe specifica- 
tions aimed at specific project requirements. 

A great deal of aircraft electronic equipment is de- 
signed to meet the requirements of MIL-E-5400. This 
specification covers design and manufacturing require- 
ments for piloted aircraft electronic equipment. It must 
be supplemented by a “detail” performance and test spec- 
ification related to the particular equipment. 

ANA Bulletin #400J, “Electronic Equipment: Aircraft, 
Applicable Documents”, lists the latest applicable specifi- 
cations, standards, drawings, and publications to be used 
in the design and construction of airborne electronic 
equipment. Use of this list of specifications is indicated 
by MIL-E-5400. It includes all the major components and 
processes apt to be incorporated in an electronic equip- 
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ment. It also includes a QPL (Qualified Products List) of 
government approved components. MIL-T-5422  supple- 
ments MIL-E-5400, covering specifically environmental 
testing under simulated and accelerated environments. 
The most complete general purpose coverage is pro- 
vided by MIL-E-5272A, specific paragraphs, or slight 
modifications, being widely quoted or referenced in the 
detail specifications of electronic components. A tentative 
revision of this is MIL-E-005272B, still awaiting approval. 
Alternate procedures of varying severity are listed for 


| many of the tests to permit selection by the design engineer. 


MIL-STD-202 is a similar general environmental test spec- 
ification that applies particularly to electric and electronic 
circuit elements. 

These four military specifications, MIL-E-5400B, MIL-E- 
5272B, MIL-T5422C, and MIL-STD-202 are very widely 
encountered. The principal tests called for by these spec- 
ifications are summarized in Table I. 

To point up the nature of the tests, and possible points 
of failure, Table II has been prepared, roughly based upon 
the more important tests of MIL-E-5272A. 


Random Vibration Testing 


To aid in the more accurate simulation of environment, and 
therefore advance the cause of reliability through environ- 
mental testing, random and complex-wave vibration testing 
has been introduced. While sine-wave vibration testing is 
still widely used, random vibration requirements are being 
added to specifications for aircraft and missile equipment. 
Random vibration often consitutes a severe environment for 
reliable airborne electronic equipment. 

Random vibration simulates the actual vibration en- 
countered in various locations of rockets and missiles. 
Appropriate intensities and power spectra distribution must 
be established by estimates based upon field measurements. 
Presence of a band of frequencies in place of the discrete 
frequencies of sinusoidal testing can excite simultaneous 
resonance modes, or resonances within a minute portion 
of the structure too small to be observed during sinusoidal 
testing but important in terms of the life of some small 
portions of the assembly. The slider on a potentiometer or 


| arelay contact, for example, may incur a complex resonance 


under random vibration testing. Often, a combination of a 
sinusoidal and random vibration are specified. Devices have 
been developed for simultaneous vibration and acceleration 
testing. Temperature and vibration tests are often combined. 
Principal components of a random vibration test system 
are illustrated in Table III. Design of such equipment is 
highly specialized, and the underlying concept is fairly 
new. Ling Electronics, Inc. of Los Angeles, Cal., and 
MB Manufacturing Co. of New Haven, Conn., have com- 
plete lines of electronically driven vibration systems. High 
power random vibration systems frequently include limiters 
as safety devices to prevent overdriving the output coil of the 
shaker during the occasional peaks inherent in any random 
vibration pattern. Limit stops to disconnect the coil are 
ilso incorporated as a safety precaution. Some problems 
that occur in random vibration test equipment are: 
® Frequency limits of transducers for measuring or record- 
ing random vibration. 
® Equalization of sharp high frequency resonances intro- 
duced by the shaker. 
® Resonances due to the load, both linear and nonlinear. 


|The method of load fastening is particularly important. 


For testing large structures, either a series resistor (for 
lw power systems) between the power amplifier and the 
shaker coil, or current feedback, where more power is 

ed, provide more accurate input signal transmission. 
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United Electric’s Type J51 Pressure-Vacuum Control 
is a skeleton, precision-built unit that is used exten- 





PRESSURE 
VACUUM 
CONTROL 


sively in applications where space and weight are 
factors. It has an uncalibrated adjustment that may 
be provided with locking feature if desired. It is a 
rugged, wide range control suitable for a multitude 


of uses. 





Adjustable Ranges ... 


Models available in ranges of 50, 75, 
and 250 psi between 0 and 350 psi 
limits. 





Switch Differential ... 


Approximately 5 or 10 psi dependent 
on model. 





Switch Ratings...... 


Up to 15 amps. at 115 or 230 volts 
A.C. Also available are 20 amps. 
A.C., manual reset, D.C.,and other 
switches. 





Switch Types....... 


Normally Open, Normally Closed, 
or Double Throw —no neutral 
position. 





Maximum Pressure .. . 


350 psi. 





Electrical Connections. . 


Lead wires attached to screw type 
terminals on switch. 





Pressure Connection . . 


Via a %” male NPT connection. 





Via pressure connection. 





Bellows Material .... 





Either type 321 or 347 stainless steel. 





UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
applications requiring custom-built units or modified 
standard units, call upon a UE application engineer 
for recommendations. Complete data is available 


for the Type J51 as well as for all standard UE 


controls. 


} United Flectric Controls 
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Ling Electronics is today the nation’s largest manufacturer 
of complete vibration test systems for random, complex and | 





sine wave testing. These matched systems include high Shaker 
power electronic amplifiers, programming and control A88 
equipment, and electrodynamic shakers or acoustic cham- “227 
bers for all vibration testing requirements. “219 
“A174 
“A174 
POWER _ 
GENERATORS 245° 
Ling Electronic Power Generators “177 
provide full system performance over W797 
A 177 
the entire frequency range. They — 
feature integrated field and MT 
degaussing supplies to suit any 246 
shaker requirement, and can be "182 
operated remotely from master ——— 
control consoles or at the generators 182 
themselves. They are available in A182 
power ratings, from 250 VA to A182 
175,000 VA. or 
249 
RR 








SHAKERS 


Ling now engineers and manufactures 
a complete line of advanced electro- 
dynamic shakers in all output 

ratings, from 25 to 25,000 force pounds, 
in both air and liquid cooled models. 
Ling liquid-cooled shakers are 
designed to be used with environ- 
mental chambers operating over 

a wide range of temperature, 
humidity and altitude conditions. 





Mo 
5,000 1 





Model 246 
7,500 force pounds 





Model A-182 
25,000 force pounds 





CONTROL CONSOLES 


Ling Master Control Consoles provide the operator with 
a continuous indication of system performance and 
give finger-tip control of the completely integrated 
vibration testing program. Your choice of space-saving 
rack-mount or streamlined desk-type consoles. Extra 
panel space and wiring ducts are provided for future 
expansion or for optional equipment that can be 
engineered into the consoles to meet your specific 
requirements. 
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_ vibration test systems for 
and sine wave testing 





= | SHAKER FORCE OUTPUT 








Rated Amplifier Sine- Random Noise Arma- 
Contin- Plate Wave With loadequalto ture 
| uous Dissi- Ibs.- Armature Weight Pro- 
Power Output pation Force |bs.Force Ibs.Force tector 
Shaker Supply In Watts tnWatts Vector RMS Peak required 
A88 _—PA-500 _500- a 600° “ae - / 70 ; i. ellen 
war wife 1,000 2000150110330 
“219. CP-3/4 3,000 4,000 500 350 1,050 — 
“AI74 CP-3/4 3,000 4,000 1,200  - — — 
“Al74 CP-5/6 = s«5,000 6,000 1,500 800 2,400 AP-5 


“Al74. ~PP-10/12  +10,000 12,000 1,500 1,200 3,600 AP-10. 


“245  PP-10/12 10,000 12,000 2,000 1,200 3,600» AP-10 


“7 p-10/12 10,000 12,000 3.150 2800 240 10 | SINE-O-MATIC 


—_——__—|, : —_____- | The Ling Sine-O-Matic is a completely packaged 
177 PP-20/24 20,000 + 24,000 5,000 4,000 12,000 AP-10 cnaindn, debian tall dita ec caeeeereees 





177 PP-30/40 = 30,000 40,000 5,000 4,500 13,500 AP-30 reliability testing practical and profitable for all 
“246 =PP-40/60 40,000 + 60,000 7,500 5,600 16,800 AP-30 potential ne It = eg ae pro- 
STEEP arr aaa re ramming and operation, with all components 
_182__PP-30/40 - _ 30,000 Pan 40,000 _10,000 11,000 33,000 AP-30_ pF mae the deadiae' in a single, compact ian 

182 PP-75/90 75,000 90,000 15,000 17,000 51,000 AP-40° Several systems are available, with a choice of 
“A182 PP-75/90 75,000 90,000 17,700 17,000 51,000 AP-40 outputs from 25 to 1500 pounds peak force. No 

A182 PP-175/240 175,000 240,000 25,000 26,500 79,500 Ap-69 | impedance changing or manual power factor 


° ev snlildhdll M32 on. BC ce, Mt en Rill correction is required over the entire frequency 
249 —PP-175/240 175,000 240,000 25,000 26,500 79,500 AP-60 range. Frequencies range from 5 to 10,000 cps. 


















Model 245 
2,000 force pounds 
Model 227 ~ 
150 force 


pounds 


Model A-88 
100 force pounds 





Model 177-A 
5,000 force pounds 


Model A-174 ; 


1,500 force 
pounds 





Model 219 
500 force 
pounds 





Model 6-C Model 182 
25 force pounds 15,000 force pounds 








ACOUSTIC VIBRATION 


Acoustic vibration represents a major advance in the field of vibration 
testing —an advance that has been paced by Ling’s development of complete 
acoustic vibration systems. These integrated systems include acoustic 
chambers built to the user’s specific vibration requirements, and giant loud 
speakers or whistles driven by Ling Power Generators. A Ling acoustic 
system extends the frequency range of vibration testing to meet today’s 
newest problems. 


ELECTRONICS, INC. 
Factory Sales Offices: 

9937 West Jefferson Bivd., Culver City, California 
120 Cross Street, Winchester, Massachusetts 
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CHART OF ENVIRONMENTAL TEST SPECIFICATIONS 


TABLE I* 





ENVIRONMENTAL TEST 


SPECIFICATIONS 





HOT TEST 


MIL-E-005272B (USAF) 


MIL-E-5400B (ASG) 


MIL-T-5422C (ASG) 


MIL-STD-202 





71C, less than 5% rela- 
tive humidity, test unit 
at 71C, duration: 50 hrs. 
(results compared with 
room condition operation. 


To +260C, depending 
on class of equipment 
and duty. Temperatures 
constant or varying at 
1C/sec. 


+85C non-opsrating 
+71C operating and 
testing. 

Duraton: Part of com- 
plex cycling. 


+85C, 30 minutes cycles, 
non-operating. 








COLD TEST 


Procedure | 


—54C, test at 

—54C, duration: stabil- 
ization (results compared 
with room condition op- 
eration.) 








Procedure Il 


—62C, 48 hrs. check de- 
terioration —54C, 24 hrs. 
or stabilization whichever 
longer. Test at —54C. 
Results compared with 
room condition operation; 
check for deterioration. 


To —54C, operating, 
—62C non-operating, 
Long exposure to tem- 
perature extremes and 
temperature shock. 


—62C non-operating. 
—54C operating and 
testing. 

Duration: Part of com- 
plex cycling. 





—55C, 30 minutes cycles, 
non-operating. 








HUMIDITY 


~~ 


Procedure 


Temp. -+-71C, R.H. 95% 
non-operating, 240 hrs. 
of cycling, 10 cycles, com- 
pared with room condi- 
tion operation: check for 
deterioration. 





— 
— 


Procedure 


Temp. 49C, R.H. 95% 
non-operating. 

Duration: 360 hrs. results 
compared with room con- 
dition operation; check 
for deterioration. 


Humidities to 100%, 
including condensation 
conditions. During all 
operating and non- 
operating conditions. 


Temp. +71C, R.H. 95% 
non-operating. Duration: 
240 Hrs. part of complex 
cycling. 


Temp. 40C, R.H. 95% 
non-operating. 
Duration: 250 hrs. 








ALTITUDE 


~ 


Procedure 


Pressure, 23.98 inches, 
(Hg.Abs.) Temp. —55C, 
test and operate under 
these conditions. Dura- 
tion: Per detail specifica- 
tions. Results compared 
with room condition op- 
eration. 








— 


Procedure I! 


Pressure 3.44 inches, 
(Hg.Abs) Temp., —54C, 
test and operate under 
these conditions. Dura- 
tion per detail specifica- 
tions. Results compared 
with room condition op- 
eration. 





Procedure III 





Conditions specified in 
detail specifications. 








Procedure IV 





Conditions specified in 
detail specifications. 








Procedure V 








Pressure 1.32 inches, 
(Hg.Abs) Temp. —54C, 
test and operate under 
these conditions. Dura- 
tion: Per detail specifi- 
cations. Results compared 
with room condition op- 
eration. 





From sea level to 80,- 
000 feet, operating and 
non-operating, depend- 
ing on class of equip- 
ment. May vary at 1” 
Hg per second. 





Pressure 3.44 inches. 
(Hg.Abs.) Temp. —55C; 
operate and test under 
these conditions. Dura- 
tion: Part of complex 
cycling procedure. 





Pressure 3.44 inches. 
(Hg.Abs.) Temp. not spe- 
cified. Duration: Per de- 
tail specifications. Dielec- 
tric breakdown per detail 
specifications while at 
this reduced pressure. 


TABLE 


ENVIF 





SALT SF 





FUNGU: 





SAND A 
Procedu: 


Procedur 


IMMERS! 





-——_—___ 


ACCELER 
Procedur 


) en 


TEMPERA 
AND 
ALTITUD| 
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Procedur. 
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Procedure 








*This chart is an up-to-date version of a chart published 
50 in Servomechanisms Inc. Engineering Review, Jan. 1957. 
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TABLE 1 cont. 





ENVIRONMENTAL TEST 


SPECIFICATIONS 





SALT SPRAY 


MIL-E-005272B (USAF) 


MIL-E-5400B (ASG) 


MIL-T-5422C (ASG) 





Temp. 35C, R.H. greater 
than 85%, salt solution 
20% + 2%, 99.8% pure 
salt. Duration longer than 
50 hrs., non-operating; 
Results compared with 
room condition opera- 
tion. Salt deposits may 
be removed prior to op- 
eration. 


Operate and non- 
operate in salt-sea at- 
mosphere. 


Same as 


MIL-E-5272B (USAF) 


MIL-STD-202 








FUNGUS 


Temp. 30 + 2C, R.H. 
95% + 5%. Fungus: 5 
types. Duration: 28 days, 
non-operating check for 
dot-rioration. 


Operate and non- 
operate when exposed 
to fungus encount:red 
in tropical climate. 


Same as 


MIL-E-5272B (USAF) 


Same as 


MIL-E-5272B (USAF) 








SAND AND DUST 
Procedure | 


Procedure II 


Density: 1 to 5 grams 
per cubic foot. Velocity: 
2300 + 500 Ft/min., 
R.H. never more than 
30%. Duration: 6 hrs. at 
25C, 6 hrs. at 71C. Re- 
sults compared with 
room condition opera- 
tion. Check for deteriora- 
tion. 


Conditions same as Pro- 
cedure 1. Duration 8 hrs 
at 25C and test at 71C 
deleted. 


Operate and non- 
operate on exposure to 
sand and dust as en- 
countered in desert 
areas. 


Duration: 6 hrs. at 71C. 


Non-operating. 


None. 





Same as 


MIL-E-5272B (USAF) 





IMMERSION 





Liquid water or equiv. 
Temperature: room. Pres- 
sure: 1 inch (Hg.Abs.) 
Examine for leaks. In- 
creased to 21 inches. 


None. 


None. 


Liquid Saturated 
solution or water. 
perature: -+65C, 


amine and test. 


salt 
Tem- 
Ex- 








ACCELERATION 
Procedures | & II 


Acceleration: per detail 
specifications. Duration: 
1 min. tests per detail 
specifications during ac- 
celeration. 


None 


None. 


None. 





TEMPERATURE 
AND 
ALTITUDE 


Complex cycling of con- 
ditions at combinations 
of pressures and temper- 
atures. 








Temperature altitudes 
requirements call for 
temperature to 260C 
at sea-level depending 
on class of equipment. 


Same as 
MIL-E-5272B (USAF) 


None. 





EXPLOSION 
Procedure | 


<a 


Procedure II 








Temperature -++52C to 
71C. Unit to operate in 
explosive mixture of bu- 
tane and air at altitudes 
up to 40,000 ft. Different 
fuel m‘xtures required. 





Unit to be filled with ex- 
plosive mixture and 
placed in chamber with 
explosive mixture. The 
mixture in the unit is 
ignited at equivalent al- 


titudes up to 5,000 ft. 





No ignition shall be 
caused when equipment 
is operated in an ex- 
plosive mixture. 


Procedure | 
Same as 
MIL-E-5272B (USAF) 


Procedure | 








Procedure II 

Same as 
MIL-E-5272B (USAF) 
Procedure II 
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TABLE I Cont. 


CHART OF ENVIRONMENTAL TEST SPECIFICATIONS 





ENVIRONMENTAL TEST 


SPECIFICATIONS 








SHOCK 


Procedure | 


MIL-E-005272B (USAF) 


MIL-E-5400B (ASG) 


MIL-T-5422C (ASG) 





Shock test per detail spe- 
cifications, operating. 
Equipment, Jan. 5 - 44. 








Procedure II 


1. Equipment, MiIL-S- 
4456, Shock: 15g, 
11 + 1 millisecond. 
Duration: 18 shocks, 
6 in each axis. 

2. Shock mount with a 
dummy load 30g 
11 + 1 millisecond. 
Duration: 6 shocks. 


1. With vibration iso- 
lators in place, 18 
shocks of 15g on 3 
axes, 11 = 1 milli- 
second. 

2.12 shocks of 30g 
along 3 axes, 11 +1 
millisecond. Bending 
and distortion per- 
mitted. 


Same as 
MIL-E-5272B (USAF) 
Procedure II 


MIL-STD-202 











Procedure Ill 


Per detail specifications. 
Machine per MIL-S-901. 
High impact. 








VIBRATION 


Procedure | 


For assembly mounting 
on aircraft. Resonance 
search: 5 to 500 cps, 10g 
max; cycling 10-55 cps., 
10g max. 


Normally mounted, in- 
cluding vibration  iso- 
lators, 5-500 cps, +10g 
max. Vibration isolators 
removed, 5-500 cps. 
+#2g. 


Same as 
MIL-E-5272B (USAF) 
Procedure | 





Same as 
MIL-E-5272B (USAF) 
Procedure XI 








— 
= 


Procedure 


For assembly mounting 
directly to recipricating 
engines. Resonance 
search: 5 to 500 cps.; 
20g max. Vibrate at 
resonant frequencies. 





—_ 


Procedure III 


For assembly mounting 
on vibration isolated por- 
tions of aircraft. Reso- 
nance search: 5 to 55 
cps.; 1 5g max.; Vibrate 
at resonant frequencies. 





— 


Procedure IV 





Procedure V 





Procedure VI 


For panel mounted in- 
struments, resonance 
search: None. Cycling: 
5-50 cps. at amplitude 
determined by detail spe- 
cifications. 





Same as IV except amp- 
litude is .018” to .020” 
double amplitude. To 
test for faulty construc- 
tion in panel mounted 
instruments. 





For rotary equipment. 
The equipment to be vi- 
brated torsionally through 
3 degrees at frequencies 
from 10 to 40 cps. 





Same as 
MIL-E-5272B (USAF) 
Procedure XI 


Duration—2' or 5 hours: 
Frequency: 10-55 cps, 
double amplitude —.06” 





Duration: 2% or 5 hrs. 
Frequency: 10-55 cps. 
double amplitude —.06” 





TEMPE 


SH 


VIBR/ 








MORE VIBRATION 


TEST PROCEDURES ALL PER SPECIFICATIONS ABOVE 





Procedure VII 


Procedure VIII 


Procedure IX 


Procedure X 


Procedure XI 








For alternators and 
generators, this test is 
a resonance search from 
100 to 500 cps. At 
max. acceleration of 


10g’s. 








For alternators and gen- 
erators. This test is a 
functional weakness test 
for power equipment 
mounted directly on air- 
craft engines. 





For testing efficiency of 
vibration isolators. Tests 
from 5 to 55 cps. 
Double amplitude at 
.036”. 





For constructional details. 
Cycling: 6 hrs., 10 to 
55 cps. .03” double amp- 
litude. The unit shall also 
be vibrated from 20 to 
200 cps, at 10g max. ac- 
celeration. 





Cycling with shock mounts 
10 to 55 cps. at .06” 
double amplitude. 41% hrs. 
in 3 directions. Cycling 
without shock mounts for 
6 hrs. at 5 to 500 cps. 
Double amplitude of .01” 
or 2g‘s whichever is limit- 
ing factor. 
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TABLE Il 


BRIEF DESCRIPTION OF ENVIRONMENTAL TESTS 





TEST 


TEMPERATURE 


SHOCK 


VIBRATION 


HUMIDITY 


SALT SPRAY 


EXPLOSION 











BRIEF DESCRIPTION 


Chambers available to temperatures of 1000°F to 1400°F. 
Constantly higher temperatures encountered in missile 
work. Very large chambers for testing of complete sys- 
tems such as a missile nose cone. 


Shocks are imposed by hard landings, transportation 
over rough terrain, weapon firing, rapid accelerations, 
and a variety of other causes. Shock tests are carried 
out using standard test equipment as described in par- 
ticular government specifications. Missile applications 
have increased the need for devices producing a precise 
and reproducible shock pattern. Shock testing equipment 
may be based on impact with a swinging hammer under 
precisely defined conditions, dropping from a prescribed 
height on to a bed of sand, acceleration in a pneumatic 
cylinder, dropping on a platform which is stopped by a 
lead pellet, etc. Crystal type accelerometers having an 
extremely rapid time response are used to calibrate these 
machines. 


This is one of the more severe environmental problems 
encountered in current requirements. Early military spe- 
cifications calling for vibration testing from 5 to 55 cps 
are being superceded by more stringent requirements cov- 
ering the range to 2000 cps. For the lower frequency a 
straight-forward mechanical shake table is employed, 
energized by an adjustable speed motor through a driv- 
ing linkage. Cam arrangements can be incorporated for 
cyclical speed variations over the band. Amplitude con- 
trol is also required. Higher frequencies are covered by 
loud-speaker type devices with the shake-table attached 
to the “voice coil.” Power is derived from a variable fre- 
quency supply, which may be an alternator driven by an 
adjustable speed motor, or a power amplifier energized 
by a variable frequency oscillation. 


Designed to assure reliable operation after storage in 
humid areas. Humidity and temperature must be simul- 
taneously regulated. Humidity may be controlled by 
heaters in distilled water, or by spraying water against 
rod or strip heaters. Humidity may generally be varied 
from 5% to 95%. 


To simulate marine environment. Test performed by 
pumping a standard salt solution through a nozzle as a 
fog in a salt spray chamber. Baffles prevent direct in- 
fringement of salt particles on test samples. Washing 
away excess salt is often permitted before re-testing units 
having rotating output shafts. 


Explosion tests are of two varieties, to see whether equip- 
ment operating in an explosive atmosphere will cause an 
explosion, or whether an externally caused explosion will 
fragmentize the equipment. Explosion tests are conducted 
at high ambient temperatures. Lean, intermediate, and 
rich fuel mixtures are prescribed. 





TYPES OF FAILURES 


At high temperatures—Metals lose design strength. In- 
sulations weaken. Lubricants fail. Dimensions and fits 
change. Semi-conductors fail to operate. Capacitor life 
is reduced. Bearings and lubricants freeze. Moisture con- 
densation can freeze bearings and create noise on poten- 
tiometer sliders. Temperature shock can destroy finishes, 
crack seals; wide temperature ranges are a principal 
problem in the design of temperature compensated equip- 
ment. Temperature failures constitute a principal source 
of environmental failure. 


Shock failures usually take the form of deformed or 
broken parts. Fastener failures are common. Sometimes 
an entire framework of a sub-system may be deformed 
or fractured. Brush contacts may open up. Tube filaments 
may open. The other electrodes of a vacuum tube may 
short circuit, or become structurally weakened as to gen- 
erate microphonics. In general, smaller components hav- 
ing little mass are far less sensitive to shock. 


Vibration tests introduce electrical contact failures in 
potentiometers, relays, and devices with brush contacts, 
fatigue failures at flanges, and other stressed portions of 
cantilevered members, loosening of fasteners, intermittent 
contact of tube elements, failure of solder joints, wear 
and misalignment in shafts and bearings, opening up of 
electrical connections, breaking of lead connections, and 
the greatest variety of other mishaps. As with shock tests, 
smaller encapsulated units are most resistant to vibra- 
tion. Resonances should be avoided where possible. 
Frames and shells should be sufficiently stiff to avoid 
resonances in the test band. Webs and dimples will add 
stiffness without increasing mass and lowering resonant 
frequency. Shock mounts are widely used, although on 
occasion they can accentuate a dangerous resonance. Sili- 
cone rubber may be poured or tucked into the corners 
of sub-assemblies to provide a damping support. Shock 
mounts are of no value in the face of vibration induced 
by acoustic noise, described elsewhere in this digest. 


Corrosion of certain materials on unprotected surfaces. 
Reduction of insulation resistance due to moisture obsorp- 
tion by certain materials. Dimensional changes in certain 
materials. Injurious to potentiometer contacts. Humidity 
can create short circuits. Accumulation of moisture in 
hydraulic lines can be especially serious. Humidity fol- 
lowed by a sudden drop in temperature can cause ice 
accumulation with occasional disastrous results. 


Causes severe corrosion due to electrolytic action. Causes 
binding of rotating members, malfunctioning of electrical 
damage and possible chemical attack on certain lubri- 
cants. Suitable design techniques and finishes have min- 
imized the difficulty of meeting salt spray requirements. 


Explosion tests are of extreme importance because of the 
probable disastrous consequences of failure. Sparks at 
contacts, commutating and slip rings, or even sparks 
generated by mechanical impact of certain materials may 
initiate an explasion. Cutout switches, circuit breakers 
and relays can be offenders. Arcing due to insulation 


(continued next page) 
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THE FIRST COUNT-DOWN WAS... 


ide AN R.F. 


SHIELDING ENCLOSUR 


Proper functioning of critical missile electronic guidance 
systems demands exhaustive pretesting in the laboratory, 
on the production line and at the launching site. One very 
important pre-testing procedure is analyzing the performance 
of electronic components, sub-systems and systems in an area 
completely free of RF interference. 

Shielding, Inc. is a supplier of RF Shielding enclosures for 
use in both the Thor and Atlas programs. As a designer 
and producer of RF shielding enclosures from the largest 
ever built to standard, modular rooms, Shielding has the 
experience and abilities to fill critical RF shielding 
requirements — with either a standard or custom- 
designed enclosure. 

Missile and communication equipment manufacturers and 
government officials know from experience that Shielding 
enclosures offer the highest RF shielding effectiveness 
available for construction material used . . . incorporate 
extra mechanical design features and installation versatility 
not found in conventional enclosures. 

Whatever your RF interference needs, Shielding will 
deliver an enclosure to your specifications. Write or wire, 
outlining your problems, to Shielding, Inc. You will receive 
a prompt appraisal. 
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TABLE II cont. ENVIRONMENTAL TESTS 








TEST 


| EXPLOSION 
(continued) 


SAND AND DUST 


FUNGUS 


SUNSHINE 











RAIN 





BRIEF DESCRIPTION 


Sand and dust conditions are encountered primarily in 
dry, desert-like areas. Tests are performed in special 
chambers comprising a blower, ducts, and heaters to gen- 
erate specified ambient temperatures. Military specifica- 
tions define the size and composition, and velocities of 
the particles used in test. 


High temperatures and humidities in tropical areas pro- 
mote the growth of fungus, which consumes materials 
damages finishes, causing a great variety of failures. It 
is remarkable how many engineering materials repre- 
sent “good eating” for fungus. Fungus growth may be 
countered by use of only fungus resistant materials, 
which contain no nutrients, or by a suitable protective 
coating of nutrient materials. Equipment is generally de- 
signed directly to resist fungus, and fungus tests are 
therefore frequently waived. 

Fungus tests are carried out by spraying the equipment 
with a water suspension of fungus spores, and then stor- 
ing at 30°C and 95% relative humidity for 28 days. 


Sunshine tests are accomplished by exposure to lamp of 
spectral distribution simulating strong sunshine. Radiant 
energy is applied of 100 to 120 watts per square foot in 
specified wavelengths. Temperature is held at 113°F. 


The equipment is subjected to the equivalent of heavy 
rain, small droplets of water being applied, rather than 
a fine mist as in the humidity test. The equipment is 
positioned to simulate installation conditions. 








TYPES OF FAILURES 


failure may cause an explosion. Construction which per- 
mits destructive fragments to be scattered by an explo- 
sion can cause damage over a wide area. 


Sand and dust are particularly injurious to ball-bearings 
of rotating components, and devices having gearing and 
other moving parts. Unsealed contacts on relays, slip 
rings, and commutators, and potentiometer contacts, are 
sensitive to minute dust particles. The best design protec- 
tion is to provide appropriate seals and dust covers. The 
contact pressures required to maintain good performance 
in the presence of shock and vibration are not usually in 
themselves adequate for dust particles. Hermetic sealing 
or encapsulation is carried out in critical instances such 
as relay contacts. 


Fungus consumes many of the standard construction ma- 
terials. Because fungus resistant materials or coatings are 
readily available and widely used, the problem of fungus 
resistance is not a severe one. Failure is usually asso- 
ciated with some overlooked design detail which may be 
readily corrected. Fungus failure in its milder forms can 
obscure name-plates or read-out points, ruin finishes, etc., 
while, more seriously, it can completely wreck the proper 
operation of the equipment. 


Sunshine may cause fading of colors, darkening of glass, 
reduced legibility of markings, and readings of meters 
and dials. Semi-conductors, particularly the photo-sensi- 
tive variety, may be influenced by the action of sunshine. 


Water penetration and resulting damage are similar to 
effects of humidity, although less difficult to meet from 
a design point of view. Water may enter principally 
through openings provided for ventilation. 








TABLE Ill 


RANDOM AND COMPLEX-WAVE VIBRATION COMPONENTS OF TEST SYSTEM 


OBJECT: To produce vibration of the specimen in exact accordance with the system input voltage signal. 





INPUT SIGNAL 
GENERATOR 


Gaussian noise, 
Sine-Wave 


PREAMPLIFIER 


Amplifies input- 
signals, combines 


BAND-LIMITING 
FILTERS 


For control 
of energy 


FREQUENCY 
EQUALIZER 


For shaker 
compensation, or 


POWER 
AMPLIFIER 


Provides 
shaker power. 


SHAKER 


Transmits signal 
generator 


























’ Generator. Tape- separate distribution. to control energy Taps usually voltage as an 
bes Recorder signals, components when | distribution available | acceleration. 
*) such as missile required, | pattern. for proper 
vibration. matching. 
Because a gaussian noise signal will contain occasional extremely high peaks, which are uneconomical to amplify, and which 
NOTE: can result in shaker over-travel, clipper circuits may be included in the above chain. Commercial equipment incorporates 
he, . additional protection devices to prevent damage to the shaker, or other major components in the event of a fault. 
ee | = 
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Potentiometer 
Engineer 
REWARDING ASSIGNMENT 


IN FLORIDA’S MODERN 
ST. PETERSBURG PLANT 
Set your sights on a challenging, 
satisfying future? Then you're right on 
target when you consider the opportunities 
that await you at IRC. We require a minimum 
of 2 years experience on wire wound 
precision Potentiometers. Excellent 
position for a Seniot Development Engineer. 
EXCELLENT SALARY 
For Details in confidence please call: 
WAlnut 2-2166, ext. 397 (PHILA.) 
or write Employment Section 
INTERNATIONAL 
RESISTANCE CO. 
401 North Broad St. 
Philadelphia 8, Pa. 


CIRCLE 40 ON INQUIRY CARD 


GR | EN Pantograph Engravers 


ELIMINATE DELAYS! 
Keep the work in your own plant. 











peer yey ee See ee ee ore 











PORTABLE 
40-POUND 
BENCH-MODEL 106 


Famous 2 or 3-dimensional 
engraver, successfully used by 
thousands, features 5 positive, ac- 

curate pantograph ratios. Versatile ball bearing spindle 
has three speeds up to 14,000 rpm; height of pantograph 
and position of cutter are continuously adjustable ; 
one copy carrier (supplied) accepts all standard 
master type sizes. 

The Model 106 has proven incomparable for 
speed and accuracy .. . yet reasonably 
priced. 

Cutter grinders, rotary tables, master 
letters, compound slides, name 
plates and all required acces- 
sories. For complete infor- 
mation,. write to 















MODEL D2 
HEAVY-DUTY 
2-DIMENSIONAL 


GREEN | 
COMPANY, INC. 

365 PUTNAM AVENUE, CAMBRIDGE 39, MASS. 
CIRCLE 41 ON INQUIRY CARD 
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| 
| 
Acoustic Noise Testing | 


Acoustic noise produced by rocket engines may caug. 
malfunctioning of components that could not be detectej| 
by vibration testing. The principal reason is that acousty| 
noise excitation acts directly on all parts of a component! 
while vibration is applied only at the mounting point. Shod 
mounted or vibration isolated components may be ads 
quately isolated from higher frequency vibrations as ; 
result of the low pass filter characteristics of the mount 
while such mounts afford absolutely no protection againg 
acoustic noise. Resonances above the natural frequency ¢ 
the shock mounts are transmitted directly to the componer 
by acoustic noise testing. 

Failures from acoustic noise testing are similar to th 
types of failures that occur in normal vibration testing 
Permanent deformation of parts may be caused by hig) 
peaks that occur in random noise distribution. As wit) 
random vibration testing, simultaneous resonances ma 
occur within such structures as vacuum tubes. Fastene 
may loosen, lead connections may break, and fatigue fai 
ures may occur in panels and structural surfaces becau 
of induced resonances. Designing to withstand acousti 
noise failure is carried out by designing to withstand co 
ventional vibration failure with the additional conditio 
that excitation is introduced from all directions of th 
environment and not only through the mounting ba 
This type of design is most realistically carried out by stud 
of failures, either in the field, or preferably in the te 
laboratory. 
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Figure 1. Frequency response of 6 KW loudspeaker 


10 20 30 


The equipment used for acoustic noise generation i 
roughly similar to that used for random vibration testing 
Electronic gear is used to apply controllable excitation tt 
a “loud speaker” type device. Fig. 1 shows the frequenc) 
response of a 6 kw loud speaker designed and used by Ave 
engineers for acoustic noise generation. The output of 
speaker is applied to a long tube provided with acoustt 
noise absorbing material at the far end to eliminate reflec: 
tions and standing waves. A random noise signal including 
component frequencies from 20 to 5000 cps generates 4 
155 db pressure level (reference 0.0002 microbars) in § 
10 inch tube. Levels from 164 to 170 db can be achieve 
in a 4 inch tube. 

A reverberant chamber, producing higher pressures 
a given power input, is used to test larger samples. Fig. 
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DECIBELS ( RE: 0.0002 MICROBARS ) 
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DECIBELS ( RE: 0.0002 MICROBARS ) 
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FREQUENCY IN CYCLES PER SECOND 
Figure 2. Pentagonal reverberant chamber 


shows the frequency response of such a chamber made by 
Aveo. While significant differences exist in the frequency 
spectra at different points in the chamber, overall sound 
pressure levels are fairly uniform. 

While acoustic noise testing is a recognition of a new 
environment, study of failures, determination of actual 
noise environments for more accurate simulation, and es- 
tablishment of design procedures for components and 
frames require a period of intensive study. 
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Radiation Effects 


Radiation of atomic particles, particularly neutrons, from 
nuclear explosions, atomic engines or space particles, con- 
stitutes a new and relatively unexplored environment for 
military components. Many common engineering materials 
are affected by such radiation. In particular semi-conduc- 
tors, transistors and diodes, may be badly damaged by 
exposure. Common high temperature materials such as 
Teflon and the Silicone greases are adversely affected. Even 
structural materials such as aluminum experience a change 
in properties. 

The problem is accentuated in reactor work by the super- 
Position of very high temperatures on the radiation environ- 
ment. The design problem will probably resolve itself 
ultimately to use of approved materials matched to the 
intensity and period of exposure. Data on radiation effects 
is being accumulated constantly. Because of special difficul- 
ties in this kind of testing, adequate design procedures 
should be developed to meet most requirements, with actual 
tests carried out on a routine basis only as part of the final 
qualification test, such as is currently done with fungus 
testing. Of course, a great deal of formal work is required 
before this condition is achieved. 
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SELF-ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 







PLAIN TYPES 





CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


temperature (800-12 


| Stainless Steel Ball 
degrees F.). 


For types operating under high 
00 
and Race 


2 Chrome Alloy Steel Hele a yr tome nee 
Ball and Race igh radial vitimate ioaas 


(3000-893,000 Ibs.). 


Bronze Race ond For types operating under 
3 Chrome Steel Ball normal loads with minimum 
friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No.551. Address Dept. EMD-59 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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WANTED 


PROPRIETARY 
Electronic or 
Electromechanical 


PRODUCTS 





for Manufacture 
Assembly or 
Distribution 


NATIONAL SALES 
PROGRAM AVAILABLE 


Write to: 


Electronic Assembly Co. 


Five Prescott Street 
Roxbury 19, Mass. 








~~ e 


| basic manual on 


WORTH FILING 





Free Blueprint Booklet 


“Better Products for Automation 
Through Standardization” is title of 
free booklet containing pictures, en- 
gineering drawings and _ engineering 
data for the everyday application of 
precision gears and allied components. 
Subjects discussed are tooth to tooth 
error, burrs, pin hubs, clamp-type and 
hubless gears, stainless steel vs. nylon, 
pitch ranges, backlash, worm and 


| wheel drives, etc. 


Source: PIC Design Corp. 
Sub. of Benrus Watch Co., Inc. 
East Rockaway, L.I., N.Y. 
For your copy: Circle 186 on Inquiry Card 


“Vibration Testing Primer’’ 


“Vibration Testing Primer,” first of a 
series of “Vibration Testing Topics,” 
which simultaneously will provide a 
the art and science 
of dynamic testing, will be available 
to industry and military services with- 
out charge. The company issuing the 
primer is newly formed and engaged 
in providing professional engineering 
services on an advisory, training or 
task basis covering the full scope of 
vibration problems. 
Source: Unholtz-Dickie Corp. 

Hamden, Conn. 

For your copy: Circle 191 on Inquiry Card 
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INCREDUCTOR CONT 


Trade -mark 


[=> Visit CGS booths 1201-1203 in the IRE Show in New York, March 23-26. 
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Tube Form Mountings and 
Dynaflex Joints 


12 page product bulletin describing 
full bonded tube form mountings and 
dynaflex joints, specially engineered 
for vibration and shock control, con- 
tains application guide, performance 
characteristics and data, detail specifi- 
cations, typical applications and meth- 
ods used for selection and installation. 
Source: Lord Mfg. Co. 
Erie, Pa. 
For your copy: Circle 179 on Inquiry Card 


Environmental Test Equipment 


175 page catalog illustrating and de- 
scribing more than 450 different pieces 
of instruments and apparatus, useful 
in both the laboratory and the plant, 
includes such items as constant tem- 
perature baths, drying ovens, environ- 
mental units for humidity, altitude and 
low temperatures, an extensive line of 
petroleum testing equipment, sectional 
laboratory furniture, bench and floor 
model centrifuges, alumaloy clamps, 
walk-in ovens, reach-in ovens to LOOOF, 
incubators, incubating rooms, _ re- 
frigerated baths, constant temperature 
cabinets, serological baths, meters, 
humidity indicators, etc. 
Source: Labline, Inc. 

Chicago, Ili. 

For your copy: Circle 250 on Inquiry Card 
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Gask-O-Seals? 


Card 





it 








nd de- 
pieces 
useful 
plant, 
t tem- 
nviron- 
de and 
line of 
ctional 
1 floor 
‘lamps, 
LOOOF, 
5, «Fre 
erature 
meters, 


THIS 
Gask-O-Seal 


EXCEEDS 
HERMETIC 
SPECS! 














Gask-O-Seals often equal or exceed specification for 
hermetic sealing. The one shown here, for instance, has 
eight sealing points and is on one of our newest 
missiles. The leakage rate is less than the original 
hermetic seal specification called for which is about as 
perfect as any seal can be. 

Gask-O-Seals are high and low pressure static seals 





which require NO groove machining to accommodate. 





A flat surface with only a 125 RMS surface finish is all 
you have to provide to get positive sealing with a 
Gask-O-Seal. 

There are many other outstanding features about 
Gask-O-Seals: Limited area for fluid attack, no loss of 
structural strength, rigid, easy to install and replace, no 





tolerance build-up possible in seal cavity, etc. 
Why not find out about Gask-O-Seals and the other 
seals of Parker Seal Company’s “O-Seal Family’’-—by 





the makers of Parker O-rings. 


























arker 
SEAL COMPANY 


CULVER CITY,CALIF.eCLEVELAND,12,OHIO 





\, : A DIVISION OF Parker Hannifin CORPORATION 





(Formerly F C. Wolfe Co. & Rubber Products Div. of Parker Appliance Co.) 








4 & Dats OR Sue e 
e x b errs +e : ee eile 
& § 
Bes 
= Before Fastener After Fastener 
e 4 
* : P 
: e : Se 
gp 
: ; 

























Vou (28 
better 


erformance 
at 


LOWEST Cost 










Avoid excessive relay costs . . . reduce 
needless relay space requirements . . . simplify installation and get better per- 
formance with relays by Comar, custom-made to your specifications. All 
types are available with any combination of switches, contact materials, coils, 
leads and mountings required. Complete engineering, manufacturing and 
sealing facilities are all combined in one large, modern plant to reduce your 
costs and speed delivery. Write for complete information today. 


Write for your new free Comar catalog 


COM 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 
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PRODUCT INDEX 
TO ADVERTISING 


Page 
Product Number 
ere re 15 
Bearings, Ball, Precision ....... 20 
Bearings, Ball, Self-Aligning .... 57 
Bearings, Special ............. 6 
Blowers—Heaters ............. 24 
Business Opportunities ........ 58 
Cabinets, Environmental ....... 26 
Catalog, Precision Components .. 36 
Connectors, Miniature ......... 2 
Control Systems, Vibration ..... 42 
Controls, Pressure Vacuum ..... 7 
Contecis, Push-Pull ..... 0.05.25. 36 
Controls, Temperature ......... 8 
Elements, Pressure Sensing .... 41 
Employment Opportunities ..Cover 2 
Employment Opportunities ..... 25 
Employment Opportunities ..... 29 
Employment Opportunities ..... 35 
Employment Opportunities ..... 56 
Employment Opportunities ..... 62 
Employment Opportunities ..Cover 4 
Enclosures, RF Shielding ...... 54 
Engravers, Pantograph ......... 56 
Inductors, Controllable ........ 58 
re ee ere 36 
Motor-Generators, Servo ....... 13 
Motors ....... eevee Teer 24 
eT rere er eee 37 


Motors, Induction & Synchronous 27 
Motors, Servo & Synchronous Cover 3 


Mountings, Vibration Control ... 46 
Mcunts, Machine ............. 46 
Perr er rere 8 
Potentiometers, Leadscrew ..... 63 
a 11 
Protection Equip., Environmental 7 
NN i, niet aul ete ade a's x ord be 60 
Relays, Rotary, Balanced ...... 16 
Resistors, Miniature Precision ... 37 
Rubber, Sponge Silicone ....... 6 
ee 12 
I i gs a wn wane atiew 59 
Services, Testing Environmental . 23 
Springs, Constant-Force ........ 18 
Switches, Pressure, Miniature ... 9 
Switches, Proximity Limit ...... 21 
Tachometer, Integrating ........ 32 
Test Systems, Vibration ...... 30, 31 
Test Systems, Vibration ...... 48, 49 
Timing Devices, Industrial ...... 45 
Transducers, Vibration ......... 3 
Valves, Solenoid, Nylon-Body .. 19 
Wire, Special Metal ........... 25 
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CAREERS IN 
SYSTEMS 


General Electric’s New 
Defense Systems Dept. 


From many diverse disciplines in 
engineering and the sciences, ca- 
pable men are coming together to 
form the nucleus of the new De- 
fense Systems Department — an 
organization devoted exclusively 
to conceiving, integrating and 
managing prime defense pro- 
grams, such as: 







ATLAS | DYNA-SOAR 


SENTRY | and other highly 


classified systems which 
cannot be listed here. 





Whether you are a systems engi- 
neer now or not, the inauguration 
of this new department presents 
a rare opportunity for bringing 
your own career into sharp focus 
in systems engineering. 


Immediate assignments in 


SYSTEMS PROGRAM MANAGEMENT 
WEAPONS ANALYSIS 
WEAPONS SYSTEMS INTEGRATION 
ELECTRONICS + DYNAMICS 
COMPUTER LOGICAL DESIGN 
PRELIMINARY DESIGN 
APPLIED MATHEMATICS 
ADVANCED SYSTEMS DEVELOPMENT 
SYSTEMS EVALUATION 
THEORETICAL AERODYNAMICS 


Please direct your inquiry 
in strictest confidence to 
Mr. E. A. Smith, Dept. 3-J 


sry dd99))))) 


5 a 


Derense Systems Department 
GENERAL @@ ELECTRIC 


300 South Geddes Street 
Syracuse, New York 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


For your free copy of the data sheets listed on this page, 
circle the appropriate number of the item on the Inquiry Card. 


Potentiometer Specifications, such as 
size and dimensions, mechanical re- 
quirements and electrical properties 
of single turn, wire-wound precision 
potentiometers from %” diameter to 


| 3” diameter are listed. Units, useful 
| for high reliability in aircraft, missile 


and ground support equipment are 
built to applicable requirements of 
MIL specs as follows: Mil-R-19A, NAS 
710, Mil-R-19518, Mil-E-5272A, Mil- 
R-12934B. Maurey Instrument Corp., 
Chicago, Ill. Circle 172. 


Plain Bearings which are self-aligning 
and self-lubricating are useful for serv- 
ice requiring low coefficiency of fric- 
tion, long service life without lubri- 
cation and high dynamic load carry- 
ing capacity. Tradenamed “Dyflon”, 
these plain bearings are available in 
a wide variety of both plain types 
and rod end types in bore sizes from 
3/16” to 6” diameter. Rod end types 
have either externally or internally 
threaded shanks. Southwest Products 
Co., Monrovia, Calif. Circle 184. 


Ceramic Capacitor cross reference 
guide lists over 600 ceramic capa- 
citors by type and rating. Equivalent 
units of other manufacturers, where 
available, are listed next to the Cen- 
tralab capacitors, providing an easy 
method of determining sources for 
any given capacitor. The guide con- 
tains separate sections devoted to gen- 
eral purpose discs and tubulars, tem- 
perature compensating discs and tubu- 
lars, high voltage discs, dual capa- 
citors, buffer capacitors, low voltage 
capacitors, stand-off and feed-thru, 
transmitting, high accuracy and trim- 
mer capacitors. Centralab, Div. of 
Globe-Union Inc., Milwaukee, Wisc. 
Circle 243. 


Reducer and nonreducer motors of 
various types and sizes listed in 12- 
page bulletin. Horsepower ratings of 
non-reducer motors range from 1/17 
to 1/1500. Reducer motors, with 
speeds ranging from 833 to 0.7 rpm, 
have torques of 12.8 in. oz. to 219 
in. lbs. Bodine Electric Co., Chicago, 
Ill. Circle 244, 





High Temperature Pot has proven it- 
self at 750 F. This metal film pot 
maintains a_ resistance stability of 
+5% over 300 hours of operation 
from —55C to +400C. Constructed 
entirely of metal and ceramic parts, 
it will withstand nuclear radiation, 
Fairchild Controls Corp., Components 
Div., Hicksville, N. Y. Circle 249. 


Time Modulated Servovalve for use in 
electrohydraulic control systems offers 
advantages in construction of low cost, 
high performance servomechanisms. 
Report on this unit discusses theory 
and merits of this mode of operation 
and presents data from a typical valve. 
Eastern Aviation Products, Hamden, 
Conn. Circle 162. 


Potentiometers and Transducers are 
covered in a complete set of individual 
data sheets bound into a catalog. Each 
data sheet gives a complete descrip- 
tion, features and application speci- 
fications for the particular type of po- 
tentiometer or transducer discussed. A 
handy reference for designers. Bourns 
Labs, Inc., Riverside, Cal. Circle 228. 


Miniature Tape Recorder, the smallest 
tape recorder brought to our attention, 
is now available from Leach Corp., 
Inet Division, Compton, Cal. The unit 
weighs 24 ounces complete with tape 
and is 3-5/8 inches in diameter by 2- 
1/2 inches long. Tape speeds vary 
from 0.25 to 15 inches per second with 
recording times from 1 to 60 minutes. 
The unit is designed for inflight tests, 
static tests, blast and explosion studies, 
wind tunnel studies, acceleration tests, 
actuation tests, oil well logging and 
atmosphere studies. Leach Corp., Inet 
Div., Compton, Cal. Circle 225. 


Five Shaft Angle Encoders, (13, 16, 
and 18-digit) described in five, four- 
page bulletins. Operation and construc- 
tion features, plus electrical and me- 
chanical specifications are given, along 
with illustrations and schematic opera- 
tion diagrams of each unit. Industrial 
Products Div., The Baldwin Piano Co., 
Cincinnati, Ohio. Circle 236. 
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The many advance design features of the 

Trimpot have proved themselves repeatedly in 

major aircraft/missile systems and in com- 

mercial electronic equipment where reliability, 

accuracy plus miniature size are of prime 

importance. Pinpoint settings made on the 

Trimpot remain stable under the most severe 

environmental conditions. And—these units 

save important space — typical size is 1'/4’x 

16x36”. Bourns offers the world’s largest 

| selection of leadscrew actuated potentiome- 

en it- ters...over 500,000 units in distributors’ 
a warehouses across the nation to fill your 
ration orders. Before specifying, investigate Bourns 
pee: Trimpot, the original leadscrew actuated po- 
liation. tentiometer. Write for our new Model Summary 


oni | Brochure #4 and list of stocking distributors. 


“ia ONLY BOURNS TRIMPOT® GIVES YOU ALL THESE OUTSTANDING FEATURES 
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ano Co., Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration 
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